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ABSTRACT 

A coaputer-based Eye-Boyeaent Controlled Display 
System was developed for the study of perceptual processes in 
reading. Studies were conducted to identify the region froa which 
skilled readers pick up various types of visual inforiation during a 
fixation while reading. The results indicated that the subjects 
acquired word length pattern information at least 12 to 15 character 
positions to the right of the fixation point, and that this 
information primarily influenced saccade lengths. Specific letter and 
word shape information was acquired no further than 12 or 13 
character positions to the right of the fixation point. It appeared 
that words were given a semantic interpretation only if they began no 
more than 5 or 6 character positions to the right of the fixation 
point. The perceptual span was found to be asyaaetric, with the 
subjects acquiring information no further than 4 character positions 
to the left of the fixation point, and perhaps less. (Author/RB) 
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PREFACE 
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doctoral dissertation for the Junior author. Much of the review 
of literature in Chapter 1 is taken from that document as well* 
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Steven Reder, then a graduate student at Rockefeller University, 
who was engaged in much the same type of research at the same 
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first suggested the MIT Artificial Intelligence Laboratory as 
a possible place to carry out this research. Gary Volverton, 
a graduate student at Cornell University, provided help with 
data analysis, and Sue Rayner did most of the key punching 
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CHAPTER 1 



INTRODUCTION AND LITERATURE REVIEW 



The experlaental study of reading In piychology hat « rich 
history dating back to Javal'a obtervatloti that the eyet executa 
a series of saccadic novcaents as a person reads a line of print 
(Huey, 1906). mch of the basic knowledge that ve have con- 
cerning skilled reading vas discovered around the turn of the 
century and waa reviewed by Huey (1908) and Woodworth (1938). 
Since that ciae» relatively little haa been added to underatand- 
ing the processes involved. Research on reading aaong psycholo- 
gists began to dwindle in the 1920* s. Undoubtedly, the diffi- 
culty of studying a process as rapid and aa private as skilled 
reading, coupled with the rise of Behaviorism and the focus on 
observable behavior, led to this disinterest. Also, researchers 
in the field of reading began to separate froa the aair. strean 
of psychology and to fore their own profeaaional orgar.isationa 
ano Journals in the 1920a (Bluaenthal, 1970). Soon reading 
laboratories began to be centered in schools of education. 
Slnre education in aainly concerned with the iaproveaent of 
learning, laany people intereated in reading directed their 
research to comparing the effectiveness of different oMKtbods of 
reading instruction. It was also during this tiac that much 
emphasis was placed on the development of reading tests and of 
materials and techniques which could be used to improve reading. 

The net result of this shift from psychology to education, 
together with the rise of Behaviorisa, was that the reaearch on 
the basic cognitive processes underlying reAding virtually ceased. 
Recently, there has been an upsurge of interest in this area once 
again, stimulated by the emergence of cognitive psychology and 
psycholinguist ics. Despite renewed activity in basic reading 
research, it is still the case that few of these studies involve 
subjects in the highest form of sfcil3<>d reading: rapid, silent 
reading. Of those studies which focus on skilled reading, the 
vast majority involve reading aloud, experimenter paced reading, 
or tasks quite unlike normal reading. From these types of 
studies, several theories have recently been proposed to account 
for skilled reading (Smith, 1971; Mackworth, 1972; Hochberg, 
1970; Levin and Kaplan, 1970). 

tfltbln these theories, a number of old research questions 
have been revived once again. These include: (1) What is the 
size of the area from which the reader acquires visual infor- 
mation during a fixation? (2) What guidea the reader* a eyea 
as he reads? (3) What part do cues from peripheral vision 
play in reading? The research which will be described in later 
chapters was concerned with these Interrelated questions. Some 



new techaiques for investlgatiag these questions will be de-^ 
scribed which involve conputerized eye tracking and text display 
changes during reading. 

The remainder of the present chapter will be devoted to a 
review of the research literature related to the three questions 
listed above. 



The Perceptual Span in Reading 

Datemining the aixe oi he area from which a person picks 
up infomation during a fixation in reading has long intrigued 
psychologists. If a reader fixates on a certcin letter on a 
page of text, he finds that he can recognize words two or three 
lines above and below that being fixated. In addition » he can 
recognize words soae distance to the left and right of his fix- 
ation* Beyond these areaa punctuation narks » capital letters* 
word boundaries » and the beginnings and ends of paragraphs are 
visible (Woodworth, 1938). On the other hand» if a string of 
letters is presented visually for a few nilliseconds » the reader 
is able to identify only 4 to 6 of the letters (Sperling* 1960). 
Somewhere between these two extremes must lie the size of the 
perceptual span in reading. 

Four general types of research have been used to identify 
the perceputal span in reading. The first and simplest type of 
research has been to divide the nuiober of letters per line by the 
number of fixations per line (Taylor, 1957; Taylor, 1965). Obser- 
vations iiuch as these have generally found that skilled readers 
make fever fixations per line, suggesting that they have a wider 
perceptual span. However, Uochberg (1970) has argued that this 
difference in number of fixations is not the result of differences 
in what the readers can actually see, but it reflects differences 
in cognitive activities during each fixation. This method of 
estimating the perceptual span is also based on the assumption 
that on successive fixations the perceptual spans do not overlap 
or that they overlap the same amount. This ^sumption is likely 
false . 

The second, and oldest, type of research has utilised the 
tachistoscopic presentation of letters and words. Since the irate' 
rial is generally presented for very brief exposures to exclude 
the possibility of an eye movement during the presentation this 
method has often been thought of as being analogous to a single 
fixation in reading. The earliest studies by Cattell and by 
Erdmann &nd Dodge (described by Huey, 1908 and Voodworth, 1938), 
found that the perceptual span for letters combined in words Is 
much greater than for non-word strings. With an exposure of 10 
milliseconds, it was found that a subject could read 3-4 uncon- 
nected letters, 2 unconnected short words, or 4 connected short 
words. Recent research (Wheeler, 1970; Reicher, 1969; Baron and 
Thurston, 1973) has found that it is easier to decide which of two 



letters was presented tachistoacoplcAlly If the critical letter 
was In a word rather than a non-word letter string or in iso- 
lation. Tulvlng and Gold (1963) and Morton (1964) have reported 
that Increased contextual infoRsation increases the aaount that 
can be reported froa a tachistoscopic presentation. All o£ these 
recent studies have shown that the nuaber of letters or words 
that can be reported depends on the redundancy of the stlaulus* 

A liiAitation of this aethod of dctcraining the percef-tual 
span was aentioned by Udodworth (1938) and later verified by 
Sperling (1960). Sperling found that subjects are able to see 
Buch more than they can retain and later report. Thus, what 
subjects report fr<m a brief presentation cannot be taken as a 
coaplete specification of what they actually saw. Geyar (1970) 
has pointed out that even if the verbal report coincided with 
what the person actually saw, there is no particular reason to 
believe that the perceptual span obtained in a tachiatoscoplc 
presentation actually colnddea with that of a fixation during 
reading. One conclusion that recent reaearch in cognitive 
psychology is forcing upon ua la that aubjacts ace able to adapt 
thexr strateglea to the taak in which they are engaged. It la 
very likely that noraal reading and tachistoscopic report vary 
enough to indace different strategies in readera. The tachis- 
toscopic studies generally involve the isolated preaentation of 
soae stiaulua aaterlal» whereas reading involves fixations at 
the rate of fcur per second » with a very coaplez stiaulus pattern 
having a great deal of redundancy. Due to these differences, the 
perceptual span in reading could be cither larger or saaller than 
that found with tachistoscopic presentations. It could be larger 
because the contextual constraint allows a reader to identify 
words with leas visual inforaation, or it could be saaller becauae 
of the rapid sequence of fixations and the coi^lexity of the 
surrounding stiaulus pattern which tey lead to what Ksckworth 
(1965) haa referred to as tunnel vision. 

The third aethod of investigating the perceptual apaft is to 
have a subject fixate aoae point and then have hia identity 
stlaull presented at various distances froa his fixation point 
(Uuey» 1908; Wbodworth, 1938; Felnberg, 1949; Bouaa, 1973). 
Research of this type haa generally found that only four or five 
letters around the fixation point are identified with near lOOX 
accuracy and that froa the point of dearcat vision outward, iu 
either direction, words and letters are aeen with decreaaing 
clarity. Although this inforaation regarding the area of vlaual 
acuity is valuable for setting the upper bounds of the perceptual 
span, it c&cnot be taken aa evidence for what Inforaation a peraon 
actually uses during a fixation in reading. 

The fourth rechni4«« la to aanlpulate the aaount of text which 
is visible to a subject at a given aoaent. Poulton (1962) had 
subjects read aloud froa text over which a naak containing a 



irlnclov was pasted. The speed and size of the window varied systesi- 
atically on different trials* and the subjects' eye aoveaents were 
recorded electronically. In this research, the text was iaaobile, 
and the window passed over it» allowing only a certain asount to 
be seen at once. Newaan (1966) > on the other hand* kept the window 
stable and passed the text beneath it. Re presented text on a 
screen, with the letters aoving froa right to left, and varied the 
nuaber of letters on the screen at any aoaant, the nuaber of new 
letters that were added at once, and the rate at which they were 
added. Both investigators found that sattller windows create grc»ater 
disruption in reading. These techniques, however, disrupt noraal 
reading because the person's natural eye aoveaents are disrupted. 

None of these techniques appear to provide a very definite 
answer to the original question. The last three techniques in- 
volve tasks rather unlike noraal, sile&t reading, and it is 
psssible that the dcaands of these vari.ous tasks induce strategies 
in the subjects that are quite different froa those noraally used 
in reading. It aay well be that the perceptual span varies with 
the task structure. The first technique is based on questionable 
astfiutptions. Thus, the differences in the estiaatea of the aise 
of the perceptual span which have c(m» froa these studiet^ is likely 
the result of different strategies on the part of the subjects, 
differcmt aaoonts of context in the stimulus aaterials, etc. 

The ideal situation for answering the perceptual span question 
would be otie in which the subject is involved in the set of reading 
noraal text to understand its aeaning. Then a aeans would be 
used to obtain data froa the subject concerning the perceptual 
span as he is engaged in this, the noraal reading task. Once 
this is achieved, the answer to the question of how far i^to the 
periphery he acquires visual inforaation ia likely to be quite coa- 
plex. First, we aust recognize that it is likely that different 
aspects of the visual stiaulus are probably acquired at different 
distances into, the periphery. Thus, there is probably not a 
single perceptual span, but a nuaber of perceptual spans for in* 
foraation of different types: full featural detail of lettera aay 
be obtained only a certain distance froa central vision, with 
inforaation about general external word shape, word length patterns, 
location of such irregularities as puncttsation, italicization, etc., 
and location of ends of lines being obtained fax'^cher and farther 
into the per&phery. The investigation aust then explore bow fax 
into the periphery each of these, and other, types of visual in- 
foraation is obtained by the reader. Second, we aust aake e 
distinction between inforaation registered by the visual systea 
and infors&tion actually used in reading. It aay be that during 
a fixation the viaual inforaation froa a rather large area Is 
actually registered at soae level in the visual systea, and thus 
could be used for soae purpose, but that in the ict of reading the 
person processes and uses the inforaation froa a auch aore re~ 
stricted area. In the investigation of reading, we are aost 



interested in defining this latter area; the region from which 
the reader obtains inforaation which is actually used in the 
reading act. Finally, it mist be recognized that the size of 
the regions from which different types of visual inforaation 
are acquired and used in reading say vary froB fixation to fix- 
ation. It is conceivable that the reading span nay vary with 
such factors as syntactic structure of the sentence, amount of 
redundancy of the text, etc. 



What Detenaines the Readers* Eye Movfe>pents ? 

During reading there are two important eye movaaent com- 
ponents called fixations and saccades. Fixations, which take 
up over 90Z of the time, are periods when the eye is relatively 
still. It is during these periods when visual information Is 
extracted from the text. The remaining lOZ of the time is 
spent in saccades, where the eye moves from one position to 
another. Thus, there are tvo questions which must be asked 
about eye aM^vcment behavior. What determines how long the aye 
will remain in a fixation? And what determines where the eye 
will be sent In the next saccade? 

Prior to discussing these questions, two characteristics 
of the saccadic movement need to be considered: visual input 
during the saccade, and the nature *tf the saccadic movement 
itself. 

Although there is a great deal of controversy on the topic 
it is generally believed that there is a period of visual sup> 
pression during a saccade. The controversy centers around 
which of two possible mechanisms, central inhibition or 
retinal blurring is responsible for the suppression. The 
first position, central inhibition, assumes that visual input 
Is bl{*nked out or suppressed to soma degree by some central 
Inhibitory process during this period. The retinal blur 
position also assumes that little or no useful visual infor- 
mation is acquired during the saccade, but th^t this is due to 
the optical blurring or smearing of the visual image across the 
retina as the eye moves at a high rate during the saccadic 
movement. The majority of the research (Volkaan, 1962; Votkmai> 
Schick and Rlggs, 1968; Uttal and Smith, 1968) confirms the 
retinal blur position. That Is, the evidence indicates that 
visual input Is not totally suppressed during a saccadic move- 
ment. Hc^ifver, there is also evidence that visual sensitivity 
is reduced substantially, not only during the movement Itself, 
but also shortly before and after the eye has settled on a new 
position (Haber and Hershenson, 1973). Thus, it appears that 
the lack of useful visual input during the saccade is not 
totally accounted for by the notion of retinal blur. 



While little i« koown about the central inhibitory necha- 
nl8« that causes the visual suppression found during and 
ionediately after a saccade, Haber and Hershenson (1973) indi- 
cate that it la functional in that it ninlaizes the perception 
of blur which sight occur during the saccadic noveaent* 
Volkaan (1962) has shown that there is a rise in visual 
thresholds during aoveaent* Although the change is not great 
considering the tatal range of sensitivity of the visual sys- 
tem, it is probably enough to reduce the blur below annoyance 
levels. This change in threshold is probably also enough to 
reduce the sensitivity of details that pass across the retina 
and the chances of noticing new inforaation or fine detail 
during saccadic aoveaent is thus greatly reduced (Haber and 
Hershenson, 1973). 

Another accepted characteristic of the saccadic aoveaent 
is that it aay be regarded as a ballistic aoveaent whose 
trajectory, once begun, cannot be Influenced. Voluntary 
effort or practice, for ex«»ple, will not alter saccadic 
velocity (Becker and Fuchs, 1969; Kovoda, Festinger, Phillips, 
Duckflwn, and Young, 1973; tfestbelaer, 1954). The velocity of 
the eye in a saccade has been carefully studied. The velocity 
rapidly rises during the saccade to a «sTlmi which occurs 
shortly before the aldpolnt of the ooveaant, then drops at a 
slightly slower rate until reaching its target region. The 
peak velocity reached is a aonotonlc function of the saccade 
Isttgth. If the target, say a spot of light, is shifted to a 
new position while the eye Is in notion, no coapensatory 
change occurs in the trajectory. Rather corrective aoveasnts 
are aade once the eye finishes the initial saccade. 
(Vestheiaer, 1954). 

The studies Just described support the notions that 
visual input during reading occurs priaarlly, and perhaps 
entirely, during the fixation, and that the saccade is 
directed by a flight pli.^ established prior to its launching 
rather than by any visual input during its tenure. This, 
the only visual inforaation which aight Inf lu&nce the saccade 
is that acquired on prior fixations. 

Turning now to the questions initially stated in this 
section, it is safe to say that there is less evidence 
available on the nature of eye aoveaent control during 
reading than there is on the size of the perceptual spsn. 
Still there is soae evidence and auch speculation about this. 
In the following discussion, we will deal first with the 
control of fixation locations, and then with fixation 
durations . 

The explanations of control of fixation locations appear 



to fall into three categories, with sone explanations Involving 
more than one of these categories. These categories will be 
referred to as the constant pattern explanation^ the stiaulus 
control explanation, and the internal control explanation. 

The constant pattern explanation asserts that the reader 
simply moves his eyes across the page in a uniform aanner, 
soaetimes overshooting or undershooting the average distance, 
on each saccade. A number of people have emphasized the impor- 
tance of rhythmical eye movements, i.e., regular forward move- 
ments along a line of print with about the same nuiri>er of 
fixations from line to line (Taylor, 1966; see the reviews by 
Tinker, 1946, 1958). These people seem to have accepted a 
constant pattern position. They eB?>hasize the notions that a 
good reader is efficient because he is able to establish 
rhythmical eye movement habits and that favorable typography 
fosters rhythmical movements. According to this pasition, 
the eye is simply under physiological and oculomotor control, 
asxd it is the task of the reader to process the text as the 
eyr ioakes its mechanical movements across the page. The poor 
reader Is distinguished from the good reader because he has 
not developed good oculomotor control. The only specific 
control assumed might be an adjustment of saccade length for 
reading materials of different difficulty level. 

The original version of this position suffered a substan- 
tial blow when it was found that training people to be more 
regular and rhythmical in their eye movements did not lead to 
increased reading efficiency and/or comprehension (Tinker, 1958). 
Without assuming that regularity in eye movements produces good 
reading, several recept researchers have argued once again for 
a constant pattern of eye movement control. Carver (1974) dubbed 
this "apping", taking letters from the phrase "automatic £ilot 
for £ro8e." Bouma and deVoogd ( 1974 ) showed that subjects 
could read when the visual stimulus was presented in a manner 
simulating rhythmical eye movements. 

A closely related position is one vhlch assuoes a great 
deal of randomness in eye control. This might be thought of 
as a constant pattern explanation with a random oscillatory 
component as part of the eye control mechanism. This position 
has been explicitly stated by Bouma and deVoogd (1974) who 
argue that it itters little just how far along the line the 
eye is sent on -* saccade during reading; thus the only require- 
ment is that the eye is advanced at proper intervals. 

The constant pattern explanation is easy to accept as one 



reviews the aany sumarles of eye aovenent data which have been 
reported » describing the average saccade length and fixation 
duration of readers of different types and ages* However » an 
examination of the raw data of even good readers shows such 
great variability in eye noveoent behavior that the present 
authors find this position difficult to accepts Though the 
mean saccade length nay be 8 or 9 character positions r the data 
values frequently range from 2 to 18 character positions or 
«ore. Though the mean duration of fixations may be 1/4 second » 
the data values actually range from 1/6 to 1/2 second* with 
occasional fixations as long as a full second or more* It seem« 
to us difficult to coiiceive of this great variability in saccade 
lengths and fixation durations as being the product of inaccuracy 
q£ the oculomotor system as it atteiqits to generate a standard* 
rhythmical eye movement pattern. Whether this variability can 
be accounted for purely on the basis of random variability In 
saccade length will have to be tested in furbher research* Any 
findings of regularity in . .:2ade lengths will challenge this 
position. 

The second explanation of eye position guidance In reading 
is '^hat the eye is under stimulus control. According to this 
position* the movt-ments of the eye are determined by visual 
characteristics of the text* Information acquired in the 
peripheral areas of vision cause the eye to be sent to a partic- 
ular location on the next saccadic movement* 

A considerable amount of data collected on eye movements 
in non-reading tasks is generally supportive of the stioulua 
control position* Studies dealing with the free viewing of 
pictures indicate that viewers tend to fixate on the most in- 
formative (non*redundant or unpredictable) areas (for Instance * 
Mackworth and Horandl* 1967)* According to workers in this 
area* peripheral vislun serves the function of processing and 
editing out the redundant stimulus* It is generally thought 
that foveal vision is reserved for those elements containing 
information needed by the observer during perception* while the 
peripheral retina screens out the predictable aspects and guides 
the eye to the unpredictable and unusual stimuli (Mackworth and 
Morandl* 1967; Mackworth and Bruner* 1970; Yarbus* 1967; 
Buswell* 1935)* 

Further data from other types of stmdies also point out 
the functional -jtility of the peripheral retina* Gould and 
Schaffer (1965) utllixed a scanning task with numeric displays 
and concluded that the more easily seen aspects of a stimulus 
field are detected with equal accuracy either in the fovejt or 
in the periphery* They also concluded from the data that when 
more difficult items are Initially detected in the periphery* 
the eyes are then directed to produce a foveal fixation* In a 
later study > Gould (1967) recorded eye movements while subjects 
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scAoned for target pattema. He found that tome patterns were 
correctly recognised without foveal fixation; they were discrimi- 
nated peripherally. Froa his findings Gould concluded that a 
function of peripheral detection Is not only to Indicate the 
locus of the next fixation but also to signal whether or not a 
particular pattern requires foveal fixation. 

Hence » studies Involving visual tasks other than reading 
give credibility to the notion of stimulus control in reading. 
It should be pointed out, however, that although these tasks 
are like reading In some ways, they differ In others. In viewing 
pictures, the eye Is guided to areas of greater visual complexity. 
In reaiing, however, the stimulus pattern ia of very almllar com- 
plexity within the region where text la present. Thus, there Is 
no simple correlation between the visual complexity of the stimu- 
lus and Its potential Inf ormatlveness , aa there la with pictures. 
Vlth the scsnnlng task, where the specific target stimulus Is 
kbtnm, purely visual characteristics of the stimulus pattern 
ctf^ again be a guide to the potentially Informative regions; 
thr- is, letter strings having certain gross visual character- 
istics are more likely candidates as the target than are other 
letter strings. Aa one reads, however, the Important aapects of 
the stimulus are the syntactic and semantic characteristics 
encoded by the physical stimulus. Thus, a decoding la required 
to obtain the important information. This being the caae, either 
soae decoding of the peripheral stimulus for syntactic and/or 
aeaantlc Information muat occur, thus yielding an indication of 
where the more important information is likely to reside, or 
else some baais for a correlatioti between aspecta of the physical 
form and the potential informatlremess of areas of text must be 
described. Kolera and Lewis (l$72)fiav« argued against the first 
of these possibilities, that of decoding of peripheral infor- 
mation. They pointed out that «uch a position would seam to 
require parallel decoding of infvrmation from two regions of 
the visual field, the normal decoding for meaning of foveal in- 
formation, and the decoding of peripheral Information for the 
semantic or syntsctic information necessary to determine where 
to send the eye. Their experiments test the notion that the 
reader could rendei a semantic decoding of letter sequences 
arriving at two locatlona on the retina at the same time. 
Their subjects were unable to do this. Though these experi- 
ments were sufficiently unlik* normal reading that they cannot 
be taken as providing a final evaluation of this position, tkey 
do provide some evidence against it. Another experiment might 
be seen as providing some information for this position, Mehler, 
Bever and Carey (1967) report that the akUled readers who served 
aa their subjects tended to fixate the firat half of phraae 
atructure constituents more than the second half. Problems with 
the experiment Itself suggest that thla finding needs to be 
replicated before it is accepted as reliable. However, if 
reliable, it might be suggested that eye guidance follows some 



syntaccic analysis of peripheral infonution. An alternative 
explanation will be offered later* however. 

If it is to be assuaed that purely visual aspects of the text 
in the periphery night be used for eye guidance » vithoot the 
assuaption of seaantic or syntactic decoding, it is necessary to 
find soate existing correlation between these visual stiaulus 
characteristics and characteristics iaportant in the processing 
of the text for aeanlng. The nost sinple possibility «oul4 be 
that longer words tend to be aore inforaative* assuains that 
articles and function words tend to carry little of the infor-> 
aation in the text. The hypothesis that the reader alght tend 
to fixate longer words aore than shorter was investigated by 
Wbodworth (1938), who reported a slight relationship in the 
opposite direction: short words received aore fixations. 
Another possibility is that the word length pattern provides 
strong cues to the location of phrase structure groupings in 
the text, since phrases frequently begin with shorter words 
(l^repositions snd articles, priaarily). The present authors 
hcr.^ ex-ilored this possibility to soae extent, and found that 
college students are able to aark the boundaries between phrases 
quite successfully in text in which all letters have been re- 
placed by X's. Thus, froa the word length and punctuation 
patterns alone, such syntactic inforaation is given. It aay be 
that the word length pattern is obtained froa peripheral vision, 
which yields soae likely syntactic inforaation of coaing text, 
and that this in turn Is used to guide the eye. 

The distinction between presence and absence of text in an 
area is undoubtedly acquired froa peripberalk vision and used to 
deteraine whether the next saccade should be to the left or 
right, and to send the eye past areas which asy be blank 
(Abraas and 2uber, 1972). Thus, to this extent stiaulus con- 
trol is undoubtedly correct. The extent to which the entire eye 
aoveaent pattern can be accounted for on this basis rsaains to 
be seen. 

The final type of explanation of eye position guidance in 
reading is that the eye is under soae fora oi internal control, 
rather than strictly stiaulus control. This position is 
differentiated froa the constant pattern positions in that the 
aoveaent of the eye is thought of as being dcterained by 
aoaentary internal states, rather than beini a siaple rhythaical 
pattern. Thus, irregularities in fixation aurations and saccade 
lengths are the product of internal state differences, rather 
than Just randoa deviations. Geyer (1968), for instance, has 
suggested that the eye-voice span (the distance that the voice 
trails the eye in oral reading) is a constsnt such that the eye 
is always ahead of the voice by a certain aaount of tiae. By 
extension it could be suggested that in silent reading the eye 
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strives to stay ahead of the semantic interpretation of the sentence 
by a certain astount. Thus when seaantic decoding difficulty is 
encountered fixations are lengthened and/or saccade lengths are 
reduced in order to keep the eye fro« getting too far absad. One 
data pattern which would support this position would be a strong 
relationship between the duration of a fixation and the length 
of the saccade prior to or following it, assttaing that when 
difficulty is encountered both longer fixations and shorter 
aaccades are used to slow the eye's progress. Redcr (personal 
cooBonicatlon) has analysed a nuaber of eye aoveaent records to 
Jetemine these correlations, and has found thea to be very low. 
This does not, of course, disprove this particular theoretical 
position, but it does coaplicate it in that fixation durations 
and saccade lengths do not appear to be determined by the saae 
oechanisns. Thus* the separate adjustaeot of fixation duration 
and saccade length must now be explained. 

A nunber of writers have ei^hasized the part which expec- 
tancy or prediction plays in reading (Bochberg, 1970; Levin 
ana Kaplan, 1970; Goodaan, 1970). Some of these have suggested 
another possibility of internal control of eye moveaents. The 
notion is that the reader, on the basis of the text he has al- 
ready read and his knowledge of language roles and common usage, 
is able to predict what is likely to come next. His next task 
is to acquire that visual information which can most effectively 
be used to test the accuracy of his prediction. PresuMbly, on 
the basis of his prediction his eye is sent to that region of 
text which is expected to be most Informative in acquiring visual 
information necessary to make this test. If the prediction is 
inaccurate, the eye is likely to be sent leftward In a regressive 
movement to determine if an incorrect Interpretation of earlier- 
encountered text was made. This position will be discussed more 
fully in a later section. At this point it is sufficient to 
Indicate that there la no conclusive evidence to support this 
mechanism as being the basis of eye guidant^e, and that the 
required experimental research neceasary co provide an adequate 
test will be extremely difficult. 

Various conblnations of these three sources of eye guidance 
are also possible within a single theory. Hochberg (1970) pro- 
posed that eye movement control Involves both peripheral search 
guidance (PSG) and cognitive search guidance (CS6). In agreement 
with many others, he argues that due to language redundancy the 
reader need not see every word In order to understand the text. 
Because cZ his knowledge of the spelling, graaaar and idiom of 
the text he can anticipate the message. Thus visually he needs 
only to saa^le the text to confirm his guess. This is the 
cognitive search guidance (internal control). In addition, 
peripheral visual input can be the basis for Informed guesses 
about where the liq>ortant words can be found, and thus can also 
be used to direct the eye to those regions which will be most 
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Infornatlve la testing his expectations. This is the peripheral 
search guidance (stlnulus control). Hochberg suggests that the 
■aln peripheral cues are the Initial letter of a vord» vord 
length and spacing between vords. Of greatest isportance is 
vord length. Shorter words are usually functors like "ob» in* 
to, etc." He suggests that the reader is able to detect that a 
functor lies at soae distance out along the line of text in the 
periphery, and then decides either to look at the vord or» if It 
is likely to be redundant, to look at the word after it. He 
cites a study by Hochberg, Levin and Frail (1966) as support for 
the ioportance of vord langth and Interword spaces in guiding the 
eye. They had beginning readers (1st and 2nd grade) and anre 
advanced readers (5th and 6th grade) aa subjects, and had thea 
read stories typed noraally or with all spaces filled in. 
Having epaces filled had only a slight effect on beginning 
readers, vho were still presuaably looking letter by letter 
and had little knowledge of orthographic and syntactic redun- 
dancies. Better readers, who are able to direct their gase nore 
selr>ctively ot* the basis of their knowledge of the redundancy 
of text, shoK\sd a substantial reduction in reading rate when 
spaces were filled. It should be pointed out, however, that 
the 3tudy Juct cited does not indicate where the locus of the 
problea is when spaces between words are filled; whether this is 
disruptive to the eye aoveaent aechanisas, for Instance » or 
whether added processing is required to identify the location of 
words. Of course, the answer may be that both types of inter- 
ference are occurring. 

While there is little conclusive information on the nature 
of eye position control in reading, even less consideration has 
been given to the control of fixation durations. It has been 
noted that «verage fixation duration tends to Increase with 8»re 
difficult reading aaterial, and also that the data frequently 
reveal particularly long fixations on unusual words* proper 
naaes, nunbers, etc. (Vfoodworth, 1938). 

As with eye position control, it is possible that the con- 
trol of fixation durations might be either ar attempt to follow 
a rhythmic pattern, with deviations around the average duration 
being simply due to Inaccuracy in the control system* or the 
length of each duration may be determined in some way by the 
cognlnlve processes taking place at that time. The great amount 
of variance in fixation durations of a single subject reading a 
single passage argues against the rhythmic pattern position, as 
does the finding of long fixations on particular types of content 
In the passage* as mentioned above. 

The alternative position* that fixation duration is deter- 
mined by the perceptual and cognitive processes occurring at the 
moment* introduces the requirement of very rapid processing of 
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the text being fixated during a fixation. Certainly, aoaa tiae 
lapses betvean the tiss a aaccadt la callad for and tba tiaa it ia 
actually initiated. Sufficient procttsing of tht input aist 
occur early in tha fixation period to provide cha baala on which 
to decide when to terfltlnate tha fixation (aa wall aa, parbapa, 
where to aend the aye next). Thua» thia poaltion would not cilow 
Buch lag between input and procaaaing of that input for syntactic 
Sftd saaantic inforaatlon. Dlffarant thaoriaa of reading aasuae 
different types of actlvltlaa during tha fixation, and ba&ea would 
provide different baaea on which the dedaion «lght be aade to 
teralnate a fixation. At present there la little avidanea to 
select aaong these. Bowavar* if further evidence indlcatas that 
fixation duratlona are under the aoaentary control of cogoitiva 
proceaslng actlvitlea, these data will be valuable In diacrial- 
nating aaong the different tb*oriea of cognitive procaasia in- 
volved In reading. 



Peripheral Cuea in Raadlna 

As aeen in the laat aectlon» conaldarable Intareat haa 
focused on the posaible role of peripheral visual Inforaation 
in guiding the eye In reading. It la poaalble that this periph- 
eral inforsMtion say be uaaful to the reader in other vaya aa 
well. This aectlon will explore thia poaalbUity. 

In order to aee a atatlonary atlaaslua with the highest 
degree of acuity » a viewer auat aove hla ayaa so aa to place 
the inage on each fovea (Schlffaan, 1971). The fovea Is a very 
snail region, subtending an angle of only about 2^ aa coaparad 
to the retina aa a vhoie which covera a visual angle of 240 
(Uewellyn-ThoiBas, 1968). The foveal retina contains a large 
quantity of coaas. Anatosdcally and functionally, the dlatribtt- 
tlon of conea haa been linked with acuity so that tasxlaal 
resolving power occurs at the fovea, where the dlatrlbution of 
conea ia graateat, and diainlahea toward tha periphery 
(Schiffmsn, 1971). The peripheral retina ia very effective 
in conditiona of pfK>r llluaination and ia vary good at detecting 
noveaent. Hoat authoritiaa hold that viaual detail ia not 
poasible with peripheral viaion. However, a nuabar of studies 
reviewed in the preceding section have indicated that tha 
peripheral retina is utilised in scanning taaka and viewing 
picturea. 

Rece«rtly, Kerr (1971) haa challenged the notion that visual 
acuity in the peripheral retina dropa rapidly within 5 of the 

center of the fovea and than continuea to drop at « alowar rata 
out to the far periphery. He obtained raaults indicating that 
previous findings bad undereatiaated the acuity of tha paripbevy; 
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that !•» the person ••••• to be eble to obtain sore vleual detail 
in the near periphery than previouely believed. SchiffMn (1971) 
attributes these high acuities to iaprovenents in the control of 
experlaental conditions o£ assessing acuity. Thus* although there 
is a definite loss of detail in peripheral ▼Ision, still certain 
characteristics of the stiaulus are represented in soae detail 
which are useful in eysalning pictures and in scanning* end 
which alght be of use to the reader. 

Besides its use in directing eye Boveaents, peripheral visual 
information alght be of use to the reader in two ways. First* 
in the near periphery there may be sufficient detail to permit 
the identification of words and meaning. Second* the information 
acquired may be of use in reducing or directing processing on 
future fixations. 

As a stimulus is moved into the periphery* the first Info^^ 
mation to be loftt is the detailed features of internal letters 
in a word; that is, those letters not bounded by spaces. Stli:i.> 
ert^-eue letters may be identifiable, as wall as such aapects oi: 
the text as the location of letters having ascending and de* 
scendlng parts* general word shape* word length patterns* and 
such Irregularities as punctuation marks* italidsation* under- 
lining* etc. Some of this information can be the basis for void 
identification* especially in a situation where there Is a good 
deal of redundancy. 

Neisser (1967) has pointed out that in the tachistoscoplc 
identification of words* overall word shape is a useful cue. 
Voodworth (1938) also gave detailed consideration to this notion. 
Vords like lint and list have the seme general word shape* while 
line and lift do not. VRien words are printed in capital lettt rs* 
thus having the same rectangular shape* they are harder to 
Identify than when presented in lower case type (Neisser* 1967). 
Studies by Havens and Foote (1963* 1964; also Foote and Havens* 
1965) found word^ like lint , whose distinctive shape Is shared 
by many other cosaxm words in the language* have higher recog- 
nition thresholds than words like drab that do cot have as maay 
shapemates. They concluded that subjects first identify the sltape 
of a word presented tachlstoscopically* and then produce the most 
conon word which is compatible with that shape. 

Initial and final letters of words* becsuse they are psr- 
tlally free from masking by adjacent letters, are thought to 
stand out clearly from the other letters and hence be a valuable 
cue for both tachlatoscoplc word Identification and normal reading. 
Marchbanks and Levin (1965) presented pseudoword trlgrams and 
qulngrams to beginning readers. They found that the first letter 
of a word was the most important cue to word recognition* the 
lost letter was the second most informative cue, and word shape 
was the last used cue. Ullliams* Blumberg* and Williams (1970) 
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have replicated Marchbanks aod Levlnt* finding with beginning 
readers » but found that adults used eooplax atrategles Including 
the use of vord shape as a basis for word recognition. Lavln, 
Vatson* and Feldaan (196A) have also argued that the Initial and 
final letters of a word provide the aoat laportant cues for the 
recognition of a word. A nuaber of tachlatoacoplc letter string 
Identification studies (Bruner and 0*Dowd, 1958; Harcua end Jonea* 
1962; Crovlts and Schlffaan, 1965) have reported a bov«d serial- 
position effect when letter strings were presented left or right 
of the central point of fixation Indicating the greater Identlfl- 
ablllty of Initial and final letters. In addition to the Initial 
and teralnal letters, doadnant letters (lattars that extend above 
and below the line and capitals) have often been thought to be 
laportant In vord recognition (Woodworth, 1938). 

Thus, It appears quite possible that enough visual detail la 
available froa words falling In the near peripheral areas of 
vision to pemlt notaal reading to occur, even when full visual 
detail Is not available. Those characteristics of the visual 
P«Lcem which are available asy be sufficient to teat hypothaaes 
or Identify wcrde or aeanlngs under conditions of high textual 
redundancy. How far Into the periphery the reader can Identify 
words or aeanlng likely depends on the nature of the language 
constraints at that point, and the particular words Involved 
(such as whether there are several alternative words having the 
saae general shape or extreae letters which would fit the syntactic 
and seasntlc context, or only one). 

A second way In which peripheral cues aay facilitate reading 
concerns the interaction of perceptual representations of the text 
from one fixation to the next In reading. Much haa been aade, 
recently, of the effects of assklng a visual stlaulus, and the 
destructive effects which this has on Its perception (Baber and 
Hershenson, 1973). And It Is certainly true that when the eye 
noves and fixates a new location, the new stlaulus pattern over- 
rides the retinal activity pattern produced by the prior fixation. 
However, we would suggest, with J. Mackworth (1972), that at a 
higher level In the perceptual processing syste» the visual In- 
foraatlon froa the two fixations are brought together into a 
single representation of the stlaulus. That Is, the visual In- 
foraatlon froa at least two, and perhaps aore, fixations Is 
Integrated Into a single representation. This will be referred 
to as the Integrative Visual Buffer. Thus, while at one level of 
perceptual processing assklng aay occur aa the Input fr<Mi one 
fixation overrides the iaage froa the prior fixation, we assuae 
that at a higher level the Inforaatlon froa the two fixations are 
Integrated. This Is possible, of course, only because the Input 
froa the two fixations is capable of being Integrated; I.e., 
there Is sufficient coaaonallty of pattern that they can be 
Juatlfled with one another. This Justification of the two 
patterns aay be based strictly on their coaaonallty, or it aay 
be that the eye aoveaent is critical, paruicularly knowing about 
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how far the eye has been cast. If the visual patterns from the two 
fixations are entirely different, than Basking would be expected to 
occur at this higher level as well aa at tha lower perceptual 
level. It should be stressed that the integrated iaage la a 
highly coBplex one, providing visual Inforaatlon about a nuabar of 
full llnea of text, the book, or paper on which the text la 
printed* the atlnull around the book* etc. A great deal of de- 
tail Is available concerning soae af the region, such less about 
other areas. Probably sufficient detail la available froa several 
lines of print, and for soae distance on each, to peralt reading if 
ao desired. Thua, the Integrated laage ahould not be regarded as 
A representation of only a few words on the line being read. 

The visual input fro* each fixation will have Its own region 
of greatest visual detail. Thus, when the pattern from fixation 
n - 1 is integrated with that of fixation n, in Bomt areea of the 
representation added detail will be provided over that previously 
available. However, in theae areas, sose detail waa available 
before, but Just not as auch. 

It la further supposed that in the Integrative Visual Buffer 
the representation of the stiaulus is still entirely a visual one. 
Essentially this representation provides a very large set of visual 
featurea which aerve aa a source of inforaation for Curther cog- 
nitive proceaaes Involved in reading. Thus, by an attention type 
oechanisB, the reader selects visual detail froa a apedflc region 
of th« total representation which will be used for his reading 
purposes, whether to lden:;lfy words or aaanlng or to check 
hypotheses. The detail available in the region being attended 
depends, of coursi,on the distance of the corresponding region of 
text fr<»i central vialon on the laat one -r two (or few) fixationa. 
If that region waa centrally fixated on the laat fixation, full 
visual detail is available. 

Aa reading occurs during a fixation, it would aeaa reaaonable 
that the reader sight not know how far f roa the point of present 
reading the available viaual detail will aupport accurate reading. 
This can be deteralned only by atteapting to read. It is likely 
that aany atteapta to read, and perhaps the atteapt aade on every 
fixation, extend far enough into the area of peripheral viaion that 
reading fails for lack of visual detail. Thla aeana that aoae 
proceaaing has been carried out Involving the viaual features of 
the text froa a given region, but that with the lack of visual 
detail available aablguity a till reaaina. Presuaably the eye would, 
on the next fixation, be caat further along the line, thua pro- 
viding added visual detail froa that region, and further proceaaing 
could proceed. This ralaaa a question: Whan the reader aovea hia 
eye, and the aaae region la atill within the range of hia perceptual 
span, but this tlaa aore centrally fixated* auat the reader ra- 
process the text froa that region, or is he able to begin the new 
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processing at Che point where processing vss prevlotisXy forcsd to 
terainste due to insufficient visual dstsT If the latter is the 
case, the inforaation obtained froB ths periphery on the prior 
ffjcation(s) will facilitate processing on the present fixation he- 
cause soM of the work has already been done. 

Th{is» it is suggested that visusl inforaation about text 
falling in the near periphery say facilitate the furthar processing 
of thst saae text when it is later centrally fixated. Soas of the 
visual Information about the text needed for its word or Meaning 
identification has already previously been obtained, and on the 
next fixation, the reader need only obtain the added detail required 
for if* 8pecification» or for testing the hypothesis. 

As Mentioned above, we do not know how long the inforastion 
froa a fixation reaains present in the Integrative Visual Buffer, 
that the visual data deteriorates fairly rapidly is suggested by 
the existence of regressions. If full dats from the lest £ive or 
six fixations were present in this buffer* the reader would not 
have to physically cast his eye backward to gain added visual detail 
concerning a part of the text recently read. Thus it may be that 
the visual detail renains in this Buffer for less than a second; 
that is, that the buffer contains data froa only the last one or 
two fixations, in addition to the present one. 

At present there is little data available concerning perc«:ption 
in reading that is specific enough to provide a test of these notions. 



Theories of Reading 

As the resurgence of cognitive psychology hss inspired interest 
in reading during recent years, so it has stiaulated a number of 
theories about the nature of the cognitive processes Involved In 
reading. Most of the recent theories which atteapt a detailed 
description cf cognitive processes involved in reading can be 
separated i»to two categories, based on the nature of the cognitive 
activities which are assumed to be carried out during the fixation. 
These will be teraed the Hypothesis Position and the Direct Per- 
ception Position. 

A number of people engaged in experiaental studies of reading 
have recently advocated models of reading patterned to soae degree 
sfter the analysis-by-synthesis theory of speech perception (Jakobson 
and Halle, 1956; also see Nelsser, 1967). This approach, the 
Hypothesis Position, aasuaes that reading is priaarily an activity 
of generating hypotheses or gussses about the t«xt yat to be en- 
countered, and then using a saall part of the visual detail available 
to check the accuracy of these hypotheses. (For axaapla, see 
Coddaan, 1968, 1970; Hochberg, 1970; Kolers, 1970; Levin and Kaplan, 
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1970; Wanat, I97X). On the basis of the inforutlon the reader haa 
froB reading a passage up to a given point, plus the knowledge he 
has about (1) the redundancy and rules o£ language » (2) commu lan- 
guage usage, and (3) the topic baing discussed in the passage, he 
generates a h^rpothesis of what will be encountered next. Be then 
obtains soae featural inforsation froa the visual display and checks 
his hypothesis against this inforaation. If the viiual infomtion 
agrees with his hypothesis, as it is assuasd usually occurs, he 
then repeats the cycle. If it is not in agreaaent, further pro- 
ces*ing is required, the nature of which varies with different 
theories. The reader «ay be thought of as then generating 
additional hypotheses which are also tested (a pure analysis-br- 
synthesis approach) or he aay be thought at soae point to use the 
stiauli available to dirr.ctly deteraine the interpretation of the 
text. This Isst process is thou^t to be aach less efficient than 
the generation and testing of hypotheses, though at soae points it 
aust certainly be required, such as at the beginning of a new 
passage, or when reading words or sentences in isolation. If disa-* 
greeaent between the interpretation of present and past text occura, 
tU«. eye is then scat backward in a regressive aoveaent to find the 
source cf the inconsistency. 

The popularity ef this aodel of reading has probably risen f ron 
Its ability to account for several laportant aspects of reading 
behavior. It provides a aeans for explaining how one can read at 
rapid rates. Assuaing that the bottleneck in reading is th.t Input 
of visual Inforaation and that hypothesis generation occurs vary 
rapidly and accurately, this aodel accounts for rspid reading by 
peraittlng the person to obtain the aeaning of the passage with the 
Input of a alninal aaount of visual inforaation. This aodel can 
also account for reading speed changes %rlth different types of text. 
The critical variable is the redundancy and predictability of the 
text; less predictable text results in aorfc incorrect hypotheses 
and requires the acquisition of aore visual detail. Finally the 
aodel can account for the fact that when aisreadings oocur they 
tend to be syntactically and seaantically appropriate to the context 
(Weber. 1970; Kolers, 1968). 

In theories taking the Hypothesis Position, then, the reader is 
thought to spend his tiae during a fixation, first, in obtaining a 
saall aaount of visual detail needed to confira his hypothesis » and 
then in generating a new hypothesis concerning what he will encounter 
in the next region of text which he has not yet encountered. Added 
activities also aight Include deteraining Just which aspects of the 
visual d:f splay should be acquired to perait an efficient test of the 
hypothesis, and perhaps deteraining how far to aend the eye on the 
next saccade to place it at the region where the visual detail lies 
wblch is aost laportant to the testing of his hypothesis. Thus, s 
relatively saall aaount of the cognitive activity is involved in 
perception of the fixated region; aore is involved in predicting 
what lies in the as>yet-unfixated region to be encountered next. 
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The second category of theories, those taking the Direct Per- 
ception Position, assuaesthat the fixation period is spent primarily 
in determining the nature of the text within the fixated region, 
rather than in hypothesising what is to come. Although those 
taking the Hypothesis Position have done so primarily in opposition 
to this position, it appears that the Direct Perception Position 
can account for the sane facts about reading which have been cited 
as providing evidence for the Hypothesis Position. Consider the 
following possibility. We knov that it is possible for a person 
to access his SMaory strictly on the basis of prior Inforaatlon 
and his knowledge of the language; he is able to take part of a 
sentence and readily eoit words which could reasonably continue 
the sentence. This is the task he is asked to perform in certain 
forms of the cloze task and in the sentence^oiaplfttion task. We 
also know that he can aocess memory strictly on the basis of 
visual patterns; he is able to read a word in isolation. It is 
reasonable, therefore, to believe that the person can also access 
memory on the basis of some combination of these two types of 
information. ThuSv.as the person reads, he has context information 
(v:.^cb alSne is not usually sufficient to specify the word or word 
group to appear rext), and he begins, during the fixation, to add 
to it visual featriral information until the combination is success- 
ful in specifying a reading for the next segment of the text. At 
that point, processing terminates for that portion of the text. 
Of course an incorrect identification may have resulted, but a 
single interpretation has emerged to which the reader is cosodtted. 

This view of prooessing during a fixation is consistent with 
the same facts and assumptions which have given credence to theories 
taking the Hypothesis Position. It provides for rapid reading on 
the basis of less than complete examination of the visual input. 
It permits reading to vary according to the redundancy of the text; 
if the text is less predictable, the contextual information will be 
las'? powerful in specifying the words being encountered, and the 
reader will have to depend upon a more complete visual analysis 
to acquire sufficient information to specify the text. Since 
words are being selected on the basis of both contextual and visual 
Information, it would be expected that mlsreadings would be con- 
sistent with one or both of these sources of information depending 
upon the situation. Thus the model predicts context appropriate 
nisreadings without resorting to the generation of hypotheses or 
guesses, unless these terns are used in a trivial sense. Finally, 
the model would allow ior regressions during reading. If a wrong 
identification is made, this leads to incorrect contextual infor- 
mation for snaking the next identification. Thus, with more and 
more visual informstion, it is likely that no identification will 
be made because of the incorrect context until finally the visual 
information is sufficient to complete the identification on this 
basis alone. At this point, the inconsistency between the prior and 
the new information is detected, and the eye is sent back in a re- 
gressive movement to seek the nature of the inconsistency. 
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The two positions Just described differ nost greatly In terms 
of what the reader Is assuned to be doing during a fixation. The 
Hypothesis Position has the reader testing his hy(»otheals and then 
generating another. The Direct Perception Position suggests that 
the reader spends this timt in the direct analysis of the vievoal 
input available on that fixation, using it together with contextual 
information to identify the text being fixated. The Hypothesis 
Position seess to assume that a majority of the fixation time is 
spent considering text not yet encountered, whereas the Direct 
Perception Position asammes that most time is spent analysing the 
text in central vision. 

As this alternative model, *f a Direct Perception Position 
type, has shown, the Hypothesis Position la not required by the 
available data about reading; other positions are able to deal 
with the same facts concerning rapid reading. In addition there 
are some reasonable arguments agaiust the Hypothesis Pssition mm 
a model of the reading process. For one thing, the proponents of 
thl^ position have not actually specified wbst It is the reader 
makes guesses about. If this model is to account for the fact 
that ralsreadlngs are syntactically appropriate, it would appear 
th&z the reader oust be making hypotheses about the specific words 
to be encountered. The technique used by Levin and Kaplan (1970) 
to assess the redundancy of different parts of sentences, on the 
other hand, investigated the degree to which people anticipated the 
grannatical form of the sentence. This might suggest that readers 
form a hypothesis about the grammatical form. Another possibility 
might be that the reader, from his prior k&ovledge of the topic 
being discussed, anticipates the general argument or description 
which is to follow, without necessarily knowing the specific words 
in which it will be communicated. 

The last two possibilities, anticipation of grammatical form 
or of the general meaning, seem to lose some of the characteristics 
of the I^othesis Position. Since the hypothesis of syntactic form 
does not lead to predictions of the specific words to be encountered, 
it is difficult to see bow it could account for the syntsctic and 
semantic appropriateness of mlsreadings. The words which are emitted 
must be selected on some other basis than the hypothesis itself, if 
the hypothesis is not assumed to be an anticipation of the words to 
be encountered. Thus* the model would seem to resort to the direct 
perception of visual features to select words. At this point, the 
distinction between the Hypothesis Position and the Direct Perception 
Position becomes fussy. Both assume the use of a combination of 
contextual and visual Information to specify the words to be read. 
Just what part a hypothesis might play in the process is not clear 
unless it simply permits the words to be identified with fewer visual 
cues. If this is so, the Hypothesis Position and the Direct Per- 
ception Position become indistinguishable. Once this has occurred, 
it leaves one wondering what is gained by proposing a hypothesis- 
generating mechanism in the reading act; it seems sufficient to 
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assuae that words are accessed on the basis of both contextual and 
visual Inforvation. 

On the other hand» if the hypothesis is assuaed to be an 
anticipation of the oeaning of the message, one sight suppose that 
it is possiiie to go from text to meaning directly* without the 
necessity of individual word identification. This position would 
suppose that the reader anticipates the meaning of the passage » 
and then is able to check the accuracy of that meaning against the 
input of a relatively few visual features. Again this seems to 
present some serious problrss. As the linguists have stressed and 
particularly Chomsky (1965) with his transformational grammar, a given 
meaning can be expressed in a large number of word combinations 
and arrange m ents. Thus, it seems unlikely that any meaning which 
requires a combination of words to be expressed, other than such 
common combinations as "alarm clock" or "Holy Bible", has any 
invariant set of visual features in the text associated with it. 
There would seem to be no small set of visual features which could 
be tested to determine whether a given meaning matches the expressed 
in wh» text, without consideration for the words and their arrange- 
ment in the text. If this is so, the testing of the accuracy 
of % hypothesis ef meaning must necessarily be mediated through 
some amount of word identification; either the hypotheais must 
indicate what words to expect so the reader can use visual features 
to test the hypothesis directly, or the resder must use visual 
features to determine what words are present In the text, and 
their order, so he knows what particular word string was used to 
express the meaning he anticipated. In the first instance, the 
hypothesis returns to that of word anticipation. In the second, 
the position is subject to the same problems ss the syntax-hypoth- 
esis position and becomes indistinguishable from the Direct Psr- 
ception Position. 

It appears, then, that for the Hypothesis Position to be 
effectively based on a hypothesis-then-confirmation cycle as a 
mechanism for reading, and to be distinguishable from the Direct 
Perception Position, it must be assumed that the reader anticipates 
the actual words of the text to some degree. Only then is the 
expected visual form sufficiently concrete that it would be possible 
to sample a small set of visual features and on that basis determine 
that the hypothesis was accurate or not without using the visual 
information for word identification in the process. However, tnis 
encounters another problem. Although much has been written about 
the great amount of redundancy of language, it is still true that 
if a persos reads a passage up to a given point and then attempts 
to guess the next word, be will be «rrong far more often than he is 
correct, for most text. Normal English prose, though quite redun- 
dant, is not sufficiently redundant that the next word can usually 
be anticipated. This suggests that' it is not sufficiently redun- 
dant to allow a hypothesis model of reading, based on anticipating 
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words and then simply saapling the visu«jL iAput to conflni the 
hypothesis, to work. It is interesting in this regard that the 
coaputer programs that have been at all successful in under- 
standing language have not used an analysis-hy-synthesis 
approach (tfinogard, 1972). 

Finally, the Hypothesis Position makes some very strong 
assusq>tions that are seldom expressed. It assumes that the 
bottleneck in reading is the visual input procasa. The generation 
of hypotheses must bs much faster than the act of taking in 
vlaual information and using it to idtntify the words or meanings 
of the text, else why not simply look to see what the stimulus le 
rather than hypothesize about it. This assumption does not seM 
to be obviously correct. Another aasumptlon already mentioned 
concema the degree of redundancy in the langu . s^. 

In suflmuiry, then, the model which we find v:ioat useful is 
based on the Direct Perception Position. It assumes that the 
reader, at the beginning of a fixation* has contextual (synteetic 
anu semantic) information which can be used to access his memory 
store. Visual detail is acquired at the beginning of the fixation, 
and la integrated with almllar detail from prior fixations in the 
Integrative Visual Buffer. Visual featural data is taken from 
that buffer, according to where the reader is in his reeding, 
and is used for the cognitive processing operations Involved in 
identifying the meaning of the text.^ As these deta are selected 
they are edded to the contextual information already available. 
At some point, this comblnetlon of information is sufficient to 
specify the words and/or meaning of the text in this region. Thus, 
the amount of vlaual Information required depends on the amount of 
redundancy in the language at this point. If an error is made in 
identification » this may lead to a regressive movement on some 
later fixation, if the error provides a context in which later 
worda are inappropriate. 

This model further assumes that the reader has available to 
him different degrees of specificity of the visual pattern et 
different distances into the periphery. Since only some visual 
information is needed to identify the text, the reader is able to 
make this identification further into the periphery than he la 
able to obtain full featural detail; how far depends on the 
language redundancy at that point and on the visual similarity 
of alternative appropriate words. This leads to the suggestion 



1. Brown (1970) has suggested a "noticing order" of cues for a 

wos< which may represent the order in which visual data la taken 
from the Integrative Visual Buffer: first word length and 
possibly general shape, then first letter, next final letter, 
and finally visual detsil of internal parts of the word. 
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that saccade lengths may be governed to aone degree by the dlatance 
into the periphery in which text identification vaa possible. 
Other Infonoation from peripheral visual areas* such as %rord length 
patterns t may also have an influence. It la further assumed that 
a new fixation adds visual detail to the Integrative Visual Buffer 
which allows the processing of the text to continue from the point 
reached on the prior fixation. Finally » it is assumed that the 
duration of a fixation is determined by the cognitive activities 
the reader is engaged In. Thus, points where added activities 
such as meaning integration processes are required , or where text 
redundancy is low and added visual detail Is required in identifying 
the text^ result in longer fixations. Points where text is highly 
redundant, where meaning integration cannot be carried out» or 
where little visual information resides produce short fixations. 



23 



CHAPTER 2 



OVERVIEW OF THE RESEARCH 



The series of experisents to be described in later chapters 
vas undertaken to investigate how far into the periphery dif- 
ferent ttjtpects of the vistsal stiaulus are acquired during « 
fixation and used by skilled readers in their reading. The 
data obtained also provides soae inforaation on other questions 
as well, dealing with eye guidance, the use pf peripheral in- 
foraation in reading, etc. 

The priaary contribution to the psychological investigation 
of reading which this research has aade was technological. A 
new technique vas developed for studying reading which opens 
the door to the investigation of aany specific aspects of Che 
perceptual and cognitive processing in reading. This technique 
has two parts: coaputer aonitoring of eye position during 
reading, coupled with coaputer control over the display froa 
which the person is reading. 

This chapter will first present a general description of 
the coaputer techniques eaployed in the research, and will then 
provide a brief overview to thtt studies to be reported in later 
chapters. 



The Coi^uter Techniques 

A coaputer program was developed which saapled the reader's 
eye position at frequent intervals (60 tiaes ptr second). The 
equipaent used required that the reader's head bp iMsobilised by 
aeans of a bite bar and forehead rest. After the eyetraeklng 
equipaent was adjusted, and the reader went through a calibration 
sequence of looking at each of a series of points and pushing a 
switch as he fixated each one, the coaputer was able to deteralne 
the reader's direction of gasa. The coaputer calculated the 
aaount of aoveaent of the eye during each sixtieth of a second 
and, on that basis, was able to detect when the eye initiated 
and coapleted a saccadic aoveaent, and where the eye was directed 
during a fixation. Eye position was registered in teras of the 
line of t«sxt and character position on that line which was in 
central vision. Accuracy of the systos was assessed by asking 
the subject to fixate a series of points and than seeing what 
locationa the coaputer indicated that he was looking at. The 
coaputer-indicated position was essentially always within three 
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character positions of the target position; it was practically 
always within two character positions of the target. 2 Ve do 
not Icnow, of course, how such of the vaziability obtained was 
due to inaccuracy in the equip«eat> and bow such was due to 
variability in the eye itself; successive attevpts to fixate 
the saae character undoubtedly do not place the eye in exactly 
the saae position. 

With this system* the coaputer knew at each eye position 
sa^>le the distance traveled since the last saaple, and by 
coaparing this with a threshold, declared the eye to be Moving 
or still. Thus, on a BOMnt-by-aoaent basis the coi^Miter knew 
the state of the eye, its velocity of aoving, and what area of 
the page was in central vision if still. It was prograaMd to 
keep records of the location and duration (in sixtieths of a 
second) of each fixation, and the tiae required for each saccade. 
These data represented a coaplete record of eye aovaasnt behavior 
in reading a passage, and were in a form to be readily analyzad 
by other coaputer routines. 

The second part of the technique used in this research in- 
volved coaputer control over the display froa which the person 
was reading. Subjects read froa text displayed on a Cathode 
Ray Tube (CRT) under coaputer control. This CRT peraitted the 
display of 40 lines of 80 character positions each, though in the 
experiaents only 3 to 10 lines of text were actually displayed at 
once. As with television, the image on a CRT fades very rapidly 
and must be constantly refreshed by the coaputer. Around 60 or 
aore tiaes a second, the coaputer refreshed the laage on the CKX 
in order for it to have a steady (non-fllekerlng) appearance to 
the observer. With this equipaent, it was possible to very 
quickly change the display. If the coaputer instriCtions for 
the display were aodif led by the coaputer Itself during the 
fraction of a second existing between two successive refreshes 
of the CRT, a change in the display was iaaediataly produced, 
since on the second refresh a different laage was drawn on the 
CRT. It was possible to change the image sixty or aora times 
per second if desired. Thus it wss possible to mske very rapid 
changes in the text as the person was reading froa it. The tlae 
required to do so was less than the tine occupied by a single 
eye aoveaent froa one fixation to the next. 



2. In this paper, eye position will typically be indicated in teras 
of the line fixated and the character poaition on the line. 
Visual distance will also be reported in nuaber of character 
positions. On the CRT display, each character occupied a 
constant amount of spsce on the line, whether the character 
was a letter, e punctuation aark or a space. The size of 
the display was such that there were about four character 
positions to each degree of visual angle. 
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Since the conputec which was in control of the display was 
the saae one which had aoaent-by-aoaent inforaation on the eye 
position and aovefflent status, it was possible to write prograns 
which aade display changes based on the location or aoveiaent 
status of the eye. Thus, it was possible to produce a change 
in the display when the eye made a saccade; thus on the next 
fixation, the stinulus pattern was different than it was on the 
last fixation. It was also possible to monitor the eye's 
position during a saccade until it case to rest, and then quickly 
aake a change in the display at the place being fixated by the 
reader. This change can occur fast enough that the subject has 
no sense of delay in the stimulus onset; that is, it appeared to 
him that the change was already made when his eye came to rest. 

The system just described, and which is described in detail 
in the next chapter, introduces a new type of stlmilus control to 
reading research, as well as to research on other tasks involving 
visual perception. To see the effect of certain stimulus pat- 
terns on eye movement or eye fia.ation data, it is now possible 
to create those exact patterns aixd have them occur on a particular 
fixation, or on each fixation, while the person is engaged in 
the task of reading a passage. A complete record of eye move- 
ment behavior is kept, allowing the experimenter to examine this 
detailed record for informaticn on the effect of his stimulus 
manipulations, in addition to getting introspective reports or 
scores on retention test questions following the reading. 

The equipment and computer programs used are described in 
detail in Chapter 3. 



The Studies Conducted 

In the research to be presented, the computer techniques 
described above were employ^l to provide new data on the old 
question of the size of the perceptual span in reading. TWo 
different types of studies were carried out, employing dif- 
ferent types of stimulus changes during reading. The first 
four experiments, employing one type of stimulus change, will 
be referred to as Window Experiments. The final experiment, in 
which a different type of stimulus change was made, will be 
referred to as the Boundary Experiment. These two types of 
studies will now be briefly described. 

In the Hiwiow Experiments, an attempt was made to manipu- 
late how far into the retinal periphery certain visual character 
istics of the original text were present during each fixation. 
It was assumed that if, during reading, s certSln aspect of the 
visual pattern of the text were normally acquired a certain 
distance into the periphery, and if that aspect of the pattern 
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were reaoved fron the display or changed In that region, 
reading perfonumce would ahow aoae for* of deterioration. 
This deterioration should be detectable in the pattern of eye 
■ovesents n«de by the reader. As an ezaaple, under one condition 
two versions of a page of text vere prepared » one containing the 
noraal text» and the other containing a pattern in wfaieh each letter 
of the original text was replaced by the letter x. This second 
version will be called the peripheral text pattern . Though being 
totally unreadable, it did aaintain certain visual character- 
istics of the original text, such as word length patterns » 
punctuation, and capitalization. The peripheral text pattern 
was initially displayed on the CRT. However, when the reader 
■adc hia first fixation on the first line of the text, tha 
cosputer iasediately replaced each x within a previously- 
defined distance to left and right of the fixation point on 
the first line with the corresponding letters froa the original 
text. Thus, during that fixation there was a region of soraal 
text for the reader to see, called the window . Vhen the reader 
aad> a saccadic aoveaent, sending his eyes to a new location, 
the letters in that window were replaced by x's once sgain, and 
3 new window of noraal text was created at the point of the next 
fiXtttion. Thes, wherever the reader looked, he was able to see 
the noCTwl text that existed at that location, so he was able to 
read quite noraally. Bowever, the experlsenter was able to 
control the else of the window, and to observe the effects of 
window size on the reader's eye behavior pattern as be wsa 
reading. An exanple of the type of display that sight be 
present on the CRT during a single fixation, Is shown in 
Figure 1. 
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Another peripheral text pattern vaa alio created for the 
•ase text in which not only lettera, but alao apacaa and punc- 
tuation sarka were replaced with x*a. Thus* in thia pattern, 
punctuation and word length InforMtion were deleted. If the 
firat of theae peripheral text pattemj were diaplayad aa the 
aubject waa reading, word length inforsatloo wae available to 
hla viaual ayatea in the region beyond the window. If the 
aecond pattern were diaplayed, thia inforaation waa not avail- 
able beyond the window. Subjecta were aakad to read text 
ailently under theae two condltlona» and with windows of 
different aisea. It waa expected that with a very large 
window, it would aake no difference to the reader whether the 
peripheral text pattern contained word length inforvation or 
not; he waa able to obtain iihat infonution froa the region 
within the window for aa far into the peripheral viaual areaa 
aa he noraally acquired it in reading. However, aa the window 
becaae aaaller in rire there would be ex point at which It ex- 
tended leaa far into the periphery than the reader noraally 
acquired word length inforaation. At that point, reading would 
proceed aore aaoothly when the peripheral text ;«ttem contained 
word length infoxaation than when it did not, aince the viaual 
ittfr^raatlon he noraally uaed in reading waa atlll praaent in 
that pattern whereaa it waa not in the other. Thua, it waa 
deeaed poaaible to detcralne how far into the peripheral viaual 
area the readera were acquiring word length pattern inforaation 
and uaing it in their reading by deteraining how aaall the window 
could be aede before reading behavior waa affected by the preaance 
or abaence of thia inforaation outaide the window. Thia aaae 
atratagy waa uaed to explore how far froa central viaion the 
readera were acquiring general word ahape Inforaation. Theae 
atudiea Are reported in Chaptera 4 and 5. Chapter 6 deacrlbea 
a atudy inveatlgating whether aubjecta appear to acquire 
certain viaual Inforaation froa the line below the one they 
are directly reading. Chapter 7 reporta the laat of the Vindov 
Experiaenta, deaignad to deteralne whether tba region froa which 
theae aapecta of the viaual pattern are acquired la ayaaetric 
around the point of fixation. 

Chaptera 8 and 9 deacribe a different approach to the in- 
veatigation of the perceptual apan, one which involvaa ainlaal 
diaplay change. Thia la called the Boundary Experiaaat. It w»a 
baaed on two aaauaptlona; flrat, that viaual inforaation la 
integrated acroaa flxationa, and aecond, that If viaual Infor- 
aation obtained on one fixation doea not correapond to that 
obtained un 6he next, add^d procaaalng la required of the viaual 
input which will be reflected In a lengthened fixatloo duration. 
In thia atudy, a alngle word poaltion in each paragraph waa 
identified aa the critical word location (CHL>. A boundary waa 
aet prior to tost location on the aaae line. When the aye croated 
the boundary, thia triggered a diaplay change in the CHL. Aa the 
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person began reeding, the etlaulue dlepleyed in the CWL wee e vord 
or letter string heving eoae perticuler eiaileritiee or differences 
to the Bese Word which aormelly occupied that location. This 
initially-displayed word was like or unlike the Base Word in terse 
of word shape or first and last (extreae) letters. As the person 
read, when his eye cvossed the boundary, the stiaulus initially 
displayed in the CHL was rmoved and the Base Word was put in its 
place. Thus, certain aapects of the visual pattern in that region 
were different on one fixation than they had been on the previous 
fixation. The durations of fixations occurring 1—srt lately after 
such a change were categorised eecording to the type of display 
change produced, and how far the eye was froa the CKL on the 
fixation prior to the change. Keen fixation durations for each 
cat^ory were then compared to see how far into the periphery there 
was evidence that specific aspects of the visual pattern in the CHL 
had been obtained by the reader. 

The last two chapters of this report suBsrize the results 
of r.he experiaents, discuss their iapliAations for theories of 
reading, and make suggestitas concerning future research using the 
type of conputer-bssed eye-«oveaent controlled display system 

developed for this research. 
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CHAPTER y 



BQUIPKEHT USED AliD C(»fFUm PROGRAKS 
DEVELOPED FOR THE RESEARCH 



This chapter describes the equipvent used and coaputer pro* 
grs«s developed for the research to be presimted in later chap- 
ters. It will deal with six topics: (1) the eye-tracking 
eqalpMnt used, (2) the computer systea to which this equip- 
sent was interfaced, (3) the computer prograa developed for 
coodvcting the experiaeots, (4) characteristics of the Eye- 
Moveaeot Controlled Display SystM, (5) the cosputer prograas 
developed for processing the data, and (6) a coaputer prograa 
used to prepare aaterial for the experiaanta. 



The Eyetracklng Equipaent 

The equipaent used to aonitor the reader's direction of 
gare was a Bioae tries Corporation, Model-S6 Eye tfoveaent 
Honitor. This equipaent uses a photo-electric technique to 
determine eye position. A saall infra-red light-eaitting unit 
is aounted on glasses fraaes, together with two photo-diodes. 
These are positioned just below the eye, about 1/4 to 1/2 inch 
froa the surface of the sldn. The surface of the eye la bathed 
with infra-red light, and the photo-diodes are aiaed at partic- 
ular locations of the eye structure, to aonitor the aaount of 
light being reflected froa those areaa. Horisontal aoveaent 
was aonitored froa the right eye by positioning the photo- 
diodes to respond to light reflected froa the region of the 
boundary between the iris and sclera, with one photo-diode alaed 
at this region on the right side of the iris, and the other on 
the left side. As the eye rotated horirontally, aore of the 
iris aoved into the field of view of one of the diodes, thus 
reducing the aaount of light reflected to it, while aore of 
the sclera aoved into the field of view of the other diode » 
thereby increasing the aaount of light reflected to it. Nove- 
aent in the other direction produced the opposite effect. The 
electronics of the eye aovaaent aonitor (BMf) subtracts the 
output of one sensor froa that of the other, and aodifies the 
signal in other ways, to produce a single output which is quit* 
linearly related to the aaount of rotation of the eye on the 
borirontal plane, with the signal ranging froa -10 to -I-IO volts. 

This saae technique is not appropriate for aonltorlng vertical 
aoveaent of the eye, alnce for aost people the eyelids hide the 
irl<*»elera boundaries on top and bottoa. Therefore, the pro- 
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cedure recoanended by th* nanufActurer la to place tha photo- 
diodes for the other eye (in our caae the left eye) ao they are 
alaed at the boundary between the eye and the eyelid, either 
the lover or upper eyelid. Ve found the lower eyelid to yield 
the beat aignal. There la a atrong tendency for the eyelida to 
mavf^ in a Banner which correaponda to the ■ovwant of the eye 
itaelf on the vertical plane. Therefore » aa the eye aovea up, 
Bore of the lid entera the field of view of the photo-diodea, 
reducing the aaoont of light reflectsd to the»; aa the eye aovea 
down, 0ore of the eye itaelf la ezpoaed to the field of view of 
the pboto-diodea, increaaing the laount of light reflected to 
thea. Tke signal* froa the two photo-diodea are auaaed in this 
caae, and again with electrtaic aodlficetion yield an output 
signal which is fairly linearly related to the aaount of aove- 
aent of the eye. In this caae, however, there are aany arti- 
facts which interfere with the accuracy of the aignal aa an 
index of eye position: blinking and the aasociated hyatereaia 
of the eyelid, aquinting, and aoae aoveaent of the eyelid with 
horiscntal eye aoveaents, for instance. Aa will be deoctibed 
later, we were unable to reliably diatinguiah which line of 
text was being fixated on the basis of the vertical eye aoveaent 
aignal alone, even with triple or quadruple apacing of the 
text, so we abandoned the uae of that aignal and developed a 
heuristic for deterainlng which line the reader waa fixating 
at any given aoaent. 

Degree of linearity of the aignala, and of croaatalk be- 
tween the aignala, were a function of the poaition of the 
sensors. Careful adjuataent was required, having the aubject 
repeatedly fixate a serlea of pointa aa the experlaenter 
aonitored the vertical and horlxontal aignala and adjuated the 
sensors to reduce non-linearity and croaatalk. Thia adjuataent 
often required 15 to 20 ainutsa, and waa generally quite tiring 
to the subjects. Two probleas coaplicAted this process. 
First, there seeaed to be no clear rulea which could be 
developed to deteraine froa the characterlatica of the signals 
thcaselves Just where the sensors should be aoved to iaprove 
linearity and reduce croaatalk. Second, the pattern of croaa- 
talk and non-linearity varied so nuch with different sensor 
positions and for different peraons that it was not possible 
to develop coaputer techniques to coapensate for theae irregu- 
lar itiea. It was necessary to depend on adjusting the photo- 
diodea theaselves to ainiaise aost of the non-linearity and 
croaatalk. Once that waa done, final coapensation for non- 
linearity could be accoaplished by the coaputer. 

The degree of theae probleas wast of course, a function of 
the else of the visual area over which eye aoveaent* were being 
recorded. The displayable area which ve had to work vith dis- 
placed a visual anfle of about 18^ on the horisontal diaansioo 
and aligbtly less on the vertical. To reduce these artifact* 
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the actiiAl region on which text appeared for the ezperisente 
occupied only the upper half or third of the total diaplayable 
area* thus placing the text in the region where croaatalk was 
at a ainiflHni. Alao, as «rill be described later* the prograas 
were written to allow the computer to coapensate for weh of 
the reaaining non-linearity in the aighal. 

Ir order to deteraine where on a display the person was 
looking, it waa neeeasary to bold the head in a rigid 
poaition» and to hold the sensing equipMsnt steady with re- 
lation to the head. techniquea ware used to acco«plish 
thia. Firat, the bead was iaaobilized by the use of a bite bar 
and a forehead rest. A heavy dental-iapreasion coapouad was 
aolded onto a brass fixture, and the aubject placed thia in hia 
aouth and bit into it. Vhen cooled, the cflapound becaaa very 
hard. The fixture was fastened solidly to a fraaa, which waa 
attached to the display. The subject again entered hia teeth 
into the iapreaaion aade previoualy, and the forehead rest was 
adjusted. Once in place, head aoveaent waa quite wall controlled. 
SiMond, in order to hold the sensors steady, the glasaes on which 
they were aou&ted were fixed to the head, firat by a strap around 
thr back of the bead, and secondly by an elasticised headband to 
which the cord leading froa the glasses was fixed. With thia 
headband in place, the cord co«*ld be buapad or pulled without 
disturbing the position of the glasaes. 

The aubject aat coafortably with hia araa on ararests and 
with feet flat on the floor or on a box of appropriate height. 
This was eapbaaised, since aubstantial ahifts in posture could 
produce head aoveaent even with the bite bar in uae. 

When in poaition, the aubject 'a eye vas about 21 inches 
froa the display. 



The Coaputer System 

The research to be deacribed was carried out with the 
colter system of th« Artificial Intelligence Laboratory at 
Massachusetts Institute of Technology. The coaputer used to 
conduct the experiment was a Digital Bquipmsnt Corporation 
(DEC) POP-6, a coaputer which uses 36 bit words, equipped with 
32K words of core memory. This coaputer was interfaced with a 
PDP-10 tiae-shi^ring aystea. Both coaputers shared certain 
facilities. Including A/D converters and a DEC Model 340 
cathode-ray tube (CRT) having a hardware character generator 
for both upper and lower ease letters. 

The programs for conducting the reaearch reaided in the 
core aemory of the FDP-6, but the FOF-10 system was used for 
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file-handling. Thus* the PDP-6 called for text filet ftom the 
PDP-IO, and passed data for filing to it. On the other hand, all 
data analysis was conducted on the PDP-10 computer. 

The CRT had a P-7 phosphor which is actually cooposed of two 
phosplu>rs, one o£ which glows blue-white and has a very short 
persistence, and the second glows yellow and has a very long 
persistence. In order to produce crisp display changes, « dark- 
blue theater gel was used to filter out the yellow iaage. The 
result was a display with a blue appearance, and visual character* 
istics of a P-11 phosphor. Vith this Modification no observable 
afterglow resained. 

The CBT is capable of displaying 40 lines of 80 characters 
each. The width of this display is about 8 f- inchas and the 
height about 7 ^ inches. Of the eight intensities available, 
we used intensity 7, the highest. Only three to ten lines were 
displayed at once, so the refresh rate was quite* high with such 
a ssall display. There was no apparent flicker. 



Cog?uter Prograas for Conducting Experisents and Viewing Data 

The cosputer prograas developed for this research have such 
in coason with those described by Reder (1973). 

The entire pvograa for conducting the experia«nts and for 
viewing certain aspects of the data was written in PDP-6 
asseably language and was loaded into the coaputer core SMSory 
at once. This included a Top Level coaponent which initialized 
the systea for the research and then waited for teletype input 
for Jusping to any of the main operating prograas. Instructions 
to Top Level were in the form of single letter coaaands, which 
caused a ^ump to the specifisd prograa. 

Top Level operated under a aodified version of Digital 
Equipaent Corporation's Dynaaic Debugging Technique (DDT) which 
acted as the aonitor, and also allowed access to the prograa 
for aodif ication. 

The aajor sub-prograas available to Top Level were: CALIb, 
a calibration routine; EYBTRACK, the basic progrsa for aonitor ing 
eye aoveaents, collecting dsta, and aodif ying the display; RUN, 
a general progrsa allowing advance apecif Ication of files and 
conditions for a particular ezperiaent and which tlMn called 
CALIB and ETETRACK in their proper sequence for the setual con- 
duct of an experlJMntal session; PLOT, which collected eye 
aoveaent dsta as a person was reading and then plotted the data 
on a Calcoap Plotter; and VIEW, which required the specifying 
of a text file, a data file, and a set of experiaental conditions, 
and then peraitted the operator to step through the data, re- 
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creating the forn of the display on each fixation, and indi- 
cating the nuaber of that fixation, the eye position, and the 
duration of the fixation and length of the saccade. These 
programs will now be described in detail. 

C^UIB. The purpose of CALIB, the calibration program, vas 
to obtain the parameter values needed to identify from the 
X (horixontal) and Y (vertical) signals from the eye-movement 
monitor (EMM) , where on a display the subject was looking. 
Basically, it involved having the reader look at a series of 
poiAts on the display, pressing a lever as he fixated each, and 
having the computer sample the EMf signals when the lever was 
pressed. Finally, the data so obtained were averaged to get 
the parameter values needed later by the eyetrack programs. 

The calibration program re<tulred two vectors as arguments, 
one a list of character position values (CPVEC) and the other 
a list of line numbers (LVEC), in ascending order. These de- 
fined a calibration pattern, a series of points at which a 
target (an asterisk) was to be displayed. The program took 
the firot value from each vector, which defined tlie first point 
(line number and character position on that line) where the 
target was to be placed, displayed an asterisk In that location, 
and waited for the subject to press the lever. When the lever 
was pressed, the computer sampled the X and Y signals from the 
EM! and stored the values in>a table. The second value was then 
taken from CPVEC, and the asterisk was moved to a new position 
on the line. When eye position samples bad been obtained from 
an specified positions on the first line, the computer selected 
the second value from LVEC and the first value from CPVEC, dis- 
playing the asterisk at the first position on the second line. 
Finally, when all points In the calibration pattern bad been 
displayed, and the EMM values obtained for each» the values 
were averaged in the following manner. The Y values for all 
fixations made on the first specified line were sveraged to give 
a mean Y value for that line. Similar means were computed for 
each of the other lines specified In LVEC, and were stored In 
the vector YPAR (for Y Parameters) . Then the X values for all 
fixations made at the first specified character position on all 
the lines were averaged to obtain a mean X value for that posi- 
tion. Similar mean X values were obtained for each character 
position specified in CPVEC, and were stored in the vector 
XPAR (for X Parameters). 

The result of this activity was two vectors of means, in- 
dicating the mean EMM X and Y signal values corresponding to 
the display lr?-clon values In CPVEC and LVEC. These were the 
parameters nc by the eyetrack programs to identify from the 
EMM signals ti..r rhc person was directing his gaxe on the dis- 
play. 
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In the research to be described, LVEC generally contained 
5 values and CPVEC, 6 values, resulting in 30 calibration points. 

During the calibration task, a pattern was displayed on the 
screen which was sinilar to the general pattern of the displays 
used in the experiaent, except that it was conposed entirely c£ 
strings of XU. The target used for calibration was displayed 
between the lines of this pseudo-text pattern, to ensure that 
the lighting characteristics were as slJKUar as possible between 
the calibration and experiaental tasks. This was found to be 
necessary since pupil size influenced eye position readings to 
soae degree. 

EYETRACK. The ETBTRACK program oonitored the reader's eye 
position, identifying the beginning and end of each fixation, 
recording eye aoveaent data and producing display changes 
based on eye position when desired. 

There were actually four versions of the EYETRACK progran 
wh;.ch could be called, depending on the l«tter~coasand used to 
call it. These will be referred to as the A, B, C, and D 
ver&ions. 

All versions required paraaeter values frosi CALXB which 
permitted conversion from EMM signals to line number and char- 
acter position on the display. The A, B, and C also required 
four parameters specifying the else and location of the window, 
the region within which normal text was displayed: RITE, which 
specified the window hci^t in terms of number of lines; WIDTH, 
which specified window width In terms of number of character 
positions; XOFSET, which offset the center of^the wliidow to 
left or right of the point of central vision; and YOFSET* 
which offset the center of the window above or belov the line 
being fixated. Another parameter, TBRSE, contained a threshold 
used to determine whether the eye was moving or mtiXl, and a 
second parameter, TBRSH2, was used in the C version to identify 
wbc^ the reader was advancing to the next line. 

The B version of EYETRACK will first be described, followed 
by an explanation of how the other ver «lona deviated from It. 

The E/ETRACK B program carried out two basic functions. 
First, it tracked the eye and made a record of eya behavior, 
and second, it produced display changes based on cya behavior. 

To track the sye, the program sampled the EMM X and Y 
values every 1/60 th of a second. The new eye position values 
were subtracted from the values obtained on the previous 
Munple. If the difference found was greater than the value 
in THBSH, the eye was declared to be moving; if It was smaller 
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than that value it was declared to be still. When the eye was 
first found to be Bx>ving after at least one interval during 
which it was still, the program recorded how long (in l/60th*9 
of a second) the eye had been at rest. Vihen the eye was first 
found to be still after at least one interval of novement, the 
prograa recorded the length of time that the eye had been 
moving, and calculated where the gaxe was directed. 

Calculating the direction of gaze was carried out in the 
following manner. The X value obtained from the EMM, called 
NEWX, was successively compared with the parameter values in 
the XPAR vector obtained from CALIB. The first value was found 
which was larger than NEWX. We will call that value XPAR(N), 
with If indicating its position in the vector. This identified 
the subregion which the direction of gaxe fell into, the region 
between CPVEC(N<-1) and CPVEC(N). The program then used a 
linear interpolation to estimate the eye position: 

Character Position ^ 
being fixated 

This algorithm assumes that the values of CPVEC divide the dis- 
play into regions within which the EMM signal is linearly re- 
lated to the display space. Thus, the first task is to find the 
region in which the gaze lies. This is done by comparing NEWX 
to successive values in XPAR until one is found which is larger 
than NEHX. This indicates that NEWX falls in the region the 
upper boundary of which is XPAR(??) ; that is it lies in the nth 
region. This is the region between CPVEC(N-l) and CPVEC(N). 
Then a 8iaq;>le linear interpolation is used to determine which 
character position in that region is being fixated. 

Determining the line fixated is carried out in an iden- 
tical manner, comparing NEW? with values in YFAR, and then 
Interpolating between values in LVEC. 

The result of this activity is two values, a line number 
and character position, which specify the subject's direction 
of gaze. These values, which indicate the location of the fix- 
ation, together with the durations of the previous fixation 
and saccadic movement, were sent to a buffer for output. Thus, 
a data block, for a f Ixatlon-saccade pair consisted of tvo com> 
puter words, one of which contained the previous fixation time 
and moving time, and the second contained the X and Y values 
for the location of new fixation. 

Display changes were based on the eye position data. The 
program required two files of text to be in core memory, one of 
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which will be referred to as central text and the other aa pe- 
ripheral text. The peripheral text file waa uaed aa the dis- 
play list. For loatance, it eight oontain a version of the text 
In which all letters had bean rtplacad by X*s, and this was what 
was displayed on the CRT. However » when the eye was detactad aa 
having fixated, and the location of the fixation had been co»- 
pured, thla data was fed to a WIMDOW routine which exchanged a 
series ti cbaractera between corraspondlng positions in the tw 
text files. This bad the affect of replacing part of the dlaplay 
list with corresponding cbaractera irtm the other file which 
contained normal text. Thus In a certain region of the display, 
thft region being defined with reference to the point of central 
vialon, noraal text waa vlalble. The slxe of this region was 
defined by HITE and WIDTH, and its location by XOFSET and YOFSBT. 
Thus, if HITE • 1, WIDTH - 13, and XDFSET and YOFSET were both 
set to xero, this region would include 13 latter poaltlons on 
the line being fixated, the character being directly flxatad and 
6 cbaractera to right and left of that position. 

This display was not cbaaged, even though tha aye aay have 
•drifted aoMwhat during a fixation, until tha aye waa datactad 
aa <£ovlng onca again, and then caM to a atop. At that point 
tha two text files ware raatorad to their original condition, 
line and character positions for the new fixation vara calcu- 
Uted, and these were used to place the 'Srlndow" of noraal text 
at the next position. Thua, each tine the parson co^>letad a 
saccade, the display was changed to place normal text at the 
position desired. It should be noted that If the aaae text ware 
loaded into both text fllea, no vlalble display change would 
take place. 

In order to sake the display changea, the CRT was turned off, 
the conputer then modified the display list in the manner de-* 
scribed, and the CRT was turned back on, initiating the aean 
from the tap of the dlaplay. The time from the Identification 
of the onaet of a fixation until the CRT wea turned off wae 50 
mlcroaeconda. The time tha CRT remained off waa a function of 
the sire of the window; that Is, the number of characters that 
were exchanged between the text fllea. With 17 cbaractera, tha 
time waa 6 milliseconds, a short enough time that no blink In 
the dlapUy waa detected. In general an Increaae of 20 cheractara 
in the else of the window added 5 mllliseconda to the time the 
CRT was off. Thus, with a window else of 100, tha CRT waa off 
for around 30 nXlllaeconda, which produced a very noticeable 
blinking ot the dlaplay. 

Each time the computer aaapled eye poaltlon, it also 
checked to see if the subject had depressed a lever available 
to him or if there waa teletype Input. If the lever had been 
depreased, the program called for the next page of each of the 
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display files, translated the characters into code accepted by 
the display system, and set up the central and peripheral text 
files. I? the last page of a file had previously been brought 
in, and another page were called for, no change was made in the 
.text. If a D were struck on the teletype, the program vould send 
control out of EYETBACK and back to the Top Uvel. 

Finally, a double-buffered data output routine was in- 
cluded to send data to the FDP-10 in blocks of 50 words each 
tiae a buffer was full. 

As indicated earlier, there were three other versions of 
the eyetrack program that wara prepared for specific purposes. 
They each used the routines itom the program just described, but 
initialisation procedures when the programs ««re called set up 
f Ugs and parameters in such a way as to cause EYETRACK to oper- 
ate slightly differently. 

The EYETRACK A routine updated the display with every other 
sanple of eye position. Thus» each 30th of a second the com- 
puter calculated where on the display the gase was directed and 
modified the display list to place the window of text from the 
central text file at the specified location. This routine did 
not collect data. It was used to explore the accuracy charac- 
teristics of the system. One mesne of doing this vaa to place a 
file consisting of all asterisks in the central text fUe, and 
a pattern with Just a fev widely spaced numbers or lattara in 
the peripheral text file, and then setting the window else to 
display a single character in the window. This caused the system 
to place a single asterisk at the point the computer indicated 
that the person was fixating. Than the person was Instructed 
to fixate certain of the letters or numbers displayed on the 
CRT, and the experimenter could see by the position of the 
asterisk how far off the computer's reading was from where the 
subject said he was fixating. As previously indicated, it waa 
impossible to determine how much of the Inacoiracy was due toi^ 
unrellabUlty of the eye to position Itself Idamtlcally each 
time an attempt was made to fixate the same location* and how 
much was due to failures of the eyetracklng equipment and the 
computer programs. 

The EYETRACK C routine was actually used in the Window 
Experiments to be described later* It was like the B version, 
collecting data and making a display change at the beginning 
of each fixation, with the exception that It Ignored the EFff 
algnal for vertical movement. Thus, it only took data from one 
channel, that which indicated horlsontal eye movement. It con- 
tained a parameter, TBRSH2, which contained a value used to 
determine when a reader had advanced a line. If a leftward eye 
movement, or series of leftward movements, carried the eye 
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THRSH2 character positions to the left of the rightmost location 
previously fixated on the line, it was assumed that the reader 
had made a return sweep of the eyes and gone on to the next 
line. For our research* this value was set at 45. Thus, It 
was assumed that when the reader initially made a leftward xaove- 
ment of more than 45 character positions in length that he was 
then beginning to read the first line of text. He was assumed 
to be viewing that line from then on until another leftward 
movement (or series of movements) of 45 character positions 
was detected. 

To use this routine, a spot was placed on the face of the 
CRT in the upper right comer of the screen. Subjects were 
asked to fixate that spot after carrying out the calibration 
task, and to remain there until text came on the screen, at 
which point they were to look to the beginning of the first line 
and begin reading. They were asked to read the text line-by- 
line, and not to make long regressions or try to look at lines 
other than the one they were presently reading. Vlhen a window 
o£ real text was placed on a peripheral text display of pseudo- 
text, these instmctions became rules by which the reader must 
opt. rate in order to read. That is, the window appeared on the 
first line only after a long leftward movement. If the reader 
tried to fixate the first line before the text display came on, 
no window appeared and he would be forced to look to the right 
and then to the left again to get the window to appear. The 
window would follow his eye movements <m the line he was reading, 
but if he made a long regression the window would suddenly drop 
to the next line, forcing him to go on to the next line in order 
to read. In addition, if he attempted to look back at a line he 
had previously read, the window would not follow him » .and he 
would have to return to the line v'aere the window was to con- 
tinue reading. Subjects were gi^en practice reading with the 
window, and the vay it was prograsBoed was carefully explained 
to them, so they would understand its behavior. Once the 
reader understood and had some practice reading with the window 
(having read two or three 500-word passages) he was quite 
comfortable with it and seldom atteoqpted to violate the rules 
by which it operated, or even found it a hinderance to his 
reading. Still the constraints of the window behavior likely 
had some effect on his reading, probably causing him to reduce 
the number of regressions he typically made. 

The EYETKACK D routine was used for the Boundary Experiment 
to be described later. Here, the central and peripheral text 
files were not used in the manner previously described, switch- 
ing characters between them to btilld a cos^slte display. 
Rather, they served as alternative displays. When the display 
was first called for, the text in the peripheral file was 
displayed. However, on a triggering event, the central text file 
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suddenly became the display list. This waa done by siaply 
changing the contents of the control word holding the begin- 
ning address of the display list. Thua» when the display pro- 
ceaaor coapleted a refresh cycle » it Juiiip«d Co the other list 
and thus displayed the other text file. The delay, then, was 
always less than a refresh cycle period. 

The display change was triggered wl^n the eye crossed a 
certain boundary (character position) on a certain line. If 
the eye were travelling at least at a certain rate of speed. 
If the eye were travelling too slowly, the change was aade the 
next tlae that speed was reached. Thus, the display change was 
determined by three parameters: CLINE, which contained the 
nunber of the critical line; BOUND, which contained the character 
position which served as the boundary; and THRSH3, which con- 
tained 2 distsnce threshold that the eye aust have travelled 
during the last 60th of a second if the change were to take 
place. The change occurred if (1) the person was reading line 
CLINE; (2) there had previously been at least one fixation to 
the left of character position BOUND; (3) the 
eye was now to the right of character position BOUND; and 
(4) the change in the EMM signal value from the last eye 
position sample to tlM present one was at least the value 
THRSH3. 

This version of EYETRACK used the same technique for 
identifying the line being read as was used in EYETRACK C; 
that is, the EMM signal for vertical mov«mant was disregarded 
and a heusristic was used Instead. 

In the Boundary Experiment this version of EYETRACK was 
used to change the contents of a single word position in the 
text when the eye was at a certain location. Thus, the two 
text files were identical except for the contents of that one 
word position. Since there was no window to force the reader to 
comply with the reatrictAons of the eye tracking syatem, it was 
occasionally found that the reader violated these rules. The 
result was that the display change took place when the peraon 
was reading the wrong line. Essentially two ^ypes of rule viola- 
tions occurred: sometimes the reader made a regression, either 
returning to a previous line and rereading it or making a long 
regression on the same line, and sometimes the reader failed to 
fixate the spot on the CRT until the new text page was brought 
la. When the ri^^der returned to an earlier line the system did 
not recognise this, so it continued behaving aa if he ware 
readlag the same line. This resulted in a data pattern showing 
the reader as having read one mor e line of text than existed in 
the display. When the reader made a long regression, causing 
the computer to assume that he bad gone on to the next line 
when in fact he was simply rereading part of the same line, 
Again the data pattern showed him reading an extra line of text. 
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The place vfaere the error ocdurred wee often Identifleble in 
this CMC, tince the reader often hed not reached the end of 
a line vhen he regreaaed. Thua, it vaa fK>aaible to determine 
irtiether thla error bad occurred prior to or after the diaplay 
change had taken place; that ia» to detendne whether the dit' 
play change had occurred at the propar place in hia reading. 
Finally, in order to keep readera froa anticipating the onfet 
of a nav page of text and to juap to the firat line before It 
vaa diaplayed and the coaputer had initiated the collection of 
data, aubjecta were Inatructad to look at the apot in the upper 
right-hand comer of the diaplay, presa the lever for a nair 
page, and count to twenty-five before beginning to read. Sub- 
jecta occaaionally failed to foUov theae inatruetiona and 
anticipated the onaet of a new page of text by Juaping to the 
firat line before the new line appeared, or iaoMdlataly after 
it appeared and before data collection began. When thla 
happened, the data ahowed the peraon reading the right nunbcr 
of Unea, but the firat line read waa labelled line -3 rather 
than line 0 In the data (llnea were triple-apaced, ao were 
cur^-ered in increaenta of 3). Thua, the diaplay change took 
place one line too late, but the occurrence of thla event waa 
clear froa the data. Froa thla diecuealon of type* of errora, 
it ia clear that each of the errora waa clearly narked in the 
data, thua aaking it poaalble for errone^ua data to be deleted 
froa further conaideratlon. 

The location of the diaplay change waa alao clearly aarked 
in the data: a pair of data worda aet to all seroea wae placed 
between the worda containing data for the fixation preceding 
and that following the change. 

Thua, the D veraion of EYETRACK waa very slallar to the C 
veraion, collecting data, and ualng a heuriatic to identify 
the line being read. The difference waa in the diaplay 
changea aade; the D veraion produced a alngle diaplay change 
during a page, whereaa the C veraion produced a change in the 
diaplay with every fixation. The type of diaplay changed pro- 
duced waa alao different, veraion C producing a window by 
Integrating character! froa the two filea, and verilon D 
aaking a change In a eingie word location. 

For all veralona of EYETBACK, typing a D on the teletype 
cauaed control to return to the Top Level. 

KPN , The RON program waa a routine which called other 
prograaa in a aequence needed to conduct an experlaant. It 
firat allowed die experiaenter to apeclfy the Inforaatlon 
needed to conduct an experlaental aeaaion: the text fllaa and 
data fllea to be uaed, the experlaental conditlona for each 
page of text (with the A, B, or C veralona of EYETBACK thla 
included the valuea for BITE, WIDTH, XDFSET and YOFSET for 
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each p«g.^, and with the D version , the values for CLINE and 
BOOND for esch page), and which version of EYSTRACK to use. 
It then called CALIB, and %fhen calibration was complete it 
called the specified version of EY£TRACK» and opened and 
closed the required files at appropriate tiaes. Ttms, an 
ezperiaental trial could be run, including calibration and 
the reading of a series of pages of text, without any inter* 
ruption froa the experiaenter. The pages read could occur in 
different experioental conditions (different sise windows or 
different boundary locations) during such a single trial. 

PLOT. The PLOT prograa sampled either the vertical or 
horizontal eye position information every sixtieth of a 
second and siaply stored the data until a certain nuaber of 
saaples had been taken. It then plotted the data on a Calcoap 
plotter, marking the onset and offset of each fixation with • 
slash. Thus, with this routine it was possible to set the 
THRSH value in EYETRACK, the paraaeter used to deteraiae whan 
saccades began and er.:<ed, to different valuaa and saa tha effect 
thxs had on the accuxMcy of the systea for identifying these 
events. It also yielded a picture of tha eye aovsaent charac- 
ter:! sties of a particular subject. 

VIEW. The VIEW program required the specification of 
peripheral and central text filea and a data file, ««3ether 
with values for HITE, tflOTH, XOFSET and YOFSET. It then took 
the first 2-word data block and constructed the display on the 
CRT of exactly what was present for the person reading under the 
ETETRAOC B or C routine on that particular fixation. At the 
bottoa of the CRT it indicated nuaerically the line and char- 
acter position of that fixation, the duration of tha fixation, 
and the length of tha saccade that had arrived at that fixation. 
The observer could then step through the data by pressing tha 
space bar on the teletype. Typing a backarrow caused it to 
step backwarda. Numerical arguments could also be aacarad: 
typing a number prior to pressing tha space bar or backarrow 
key caused the program to create the display seen by the subject 
that many fixations after or before the present fixation. In 
addition, typing a C caused the program to advance the display 
from fixation to fixation automatically. Whan in that mode, 
typing a number followed by a carriage return set a new rate 
for stepping through the data and changing the diaplay. Typing 
another C caused the program to go out of automatic advance 
mode. Finally, typing an jL placed a cursor at the location of 
the next fixation, but otherwise did not change the display. 
Thu>* it was possible to observe, when the display was in a 
particular state, where the eye was sent for the next fixation. 
New pages of text could be obtained by pressing & lever. Typing 
a 0 returned control to the Top Level. 
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other Routines C«llable froa Top Level. LOAD was e routine 
which opened e file, either text or date. It celled for teletype 
epeciflcetlon of a device neae and file naae» end then for an 
argunent to indicate whether thie waa to be specified aa a cen- 
tral text file» peripheral text file» or e data file. TRANSLATE 
caused a text file specified in LOAD to be read in> to be trans- 
lated from ASCII to the code used by the DEC Kodel 340 Display 
systea, and to be stored in the appropriate core Beaory area. 
COMPLEMENT changed the sise of the charactera displayed. The 
Hodel 340 Display allows 4 character «izes. Our prograas only 
allowed the two aiddle sisas to be used. ACTIVATE caused the 
text in the peripheral text file to be displayed. OPEN caused 
the opening of a channel for the output of date* If a channel 
were not opened » the EYETRACK prograas would function properly* 
but no data would be saved. CLOSE closed t he da ta output chssnel. 
RELEASE caused all devices captuved by the ETETRACK progrw to be 
released and thus to becoae available to other users. 

It should be noted that aost of these routines were celled 
by ;;he prograas described earlier* as well as being callable 
individually fron the Top Level. 



Characteristics of the Eye^aoveaent Controlled Display Syatea 

Two questions are of paraaount iaportance in considering 
the adequacy of the systea described above. Firat is the 
question of accuracy of identifying eye position, end second 
is the question of tiae legw 

As indicated earlier* the accuracy of vertical eye aove-* 
aent inforaation was quite poor. It appeared to be necessary 
to use quintuple apacing of the text, at least* to be sble to 
reliably identify the line the person was looking at. For this 
reason the atteapt to use this inforaation froa the EMH was 
abandoned* and the heurlatic described earlier was saployed 
instead. 

Accuracy on the horis^tal plane uas a function of the 
experiaenter's experience in adjusting the equipaeat on the 
reader, and of the range over which the eye waa to be tracked. 
In general* croastalk was quite severe when the reader viewed 
the lower third of the CRT displaysble ares. Therefore, all 
display was kept in the upper half of the displaysble area. 

An attaq>t was aade to assess the accuracy of the ayatea 
by having different people look at a display of a aeries of 
points* instructing thea to fixate the points one-by-one, and 
then exaaining the computer 'a estiastes of where they were 
looking. This sort of assessaent is inadequate because it is 
not at all certain that when the peraon atteapta to fixate the 
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•aae point at different tlaet that he in fact returna hia eye to 
the &»me poaition. Thtia, lack of reliebillty may be due either 
to characteriatica of the eye poaitloalng ayatea, or to our 
equlpnent and prograaui for ■onltoriag eye poaition. Practically 
all co^uter-indicated locati^na were no aore than one or two 
character poaitiona fro« the reportedly fixated location. 

During the firat experiaant reported, accuracy waa not 
quite this great , due to our inexperience in uaing the eye- 
tracking equipaent, and in conducting thia tyi^ of reaearch. 
There waa evidence at tiaaa during that experiaent that head 
poaition had shifted alightly during the reading of a paaaage; 
we later found vaya of aaklng the aubject aore coaforttble and 
fixing the head aore rigidly to reduce thia problea. 

Drift in the eyetrackix^ equipaent <id not aeaa to be a 
problea, aince aubjecta went through the calibration routine 
prior to reading each block of text, and theae blocks were 
relatively short, only about 500 worda for the firat four 
e:!;.-ria«itk>, and alightly longer for the laat. 

The problea of lag in the ayatea ia alao difficult to 
assess. The question ia, how long after the eye actually be- 
gan or ended a aaccade waa thia event detected by the coaputer? 
The delay waa auch longer than we had realised at the tiae we 
were conducting the reaearch. have atteapted to aore 
thoroughly inveatigate the characteriatica of the eyetraekisg 
equipaent aince coapletion of the reaearch, and have found a 
considerable delay which raiaea aoae queationa about the 
interpretation of the data collected. Thia delay waa the re- 
sult of two things: firat, a filter in the Bioaetrica Bye 
Hoveaent Monitor, and aecond, uaing a saapling rate of l/60th 
of a second. 

The Bioaetrica equipaent ia provided with a f iltar which 
was left engaged during our reaearch and which introducea a 
conaiderable delay in the aignal. Without the filter, the 
stiaulating of one l»f the photo-diodea with a faat-riaing infra- 
red aignal cauaea the analogue output froa the equipaent to be- 
gin riaing alaost iaaediately, reaching aaxiaua level in 4 dr 
5 Billiseconda. The tiae required aeeaa to var/ on succaaaiva 
trials, though the reaaon for thia ia not apparent. Vhen the 
filter is engaged, the aaae atiaulua atill cauaea the output 
to begin rising alaoat iaaediately, but the aaxiaua level ia 
not attained for 25 ailllseeonda or aore. Thua, there waa 
probAbly a aubatantial delay between the tiae the eye began 
to aove and the tiae that the EMM aignal changed auf ficieatly 
to aeet the coaputer'a criterion for the initiation of an eye 
aoveaent. Juat how long thia delay waa, of courae, ia not 
known now. 
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Supllng the eye poiition oalf every 16 alXUeeconde also 
introduce* e deley into the syetcs. It v»e quite poetible for 
the eye to begin «oving during an interval betveen eoiplee, but 
not to have aoved aufficicntly to be detected by the CMputer. 
Thue, another 16 ailliaeconda vould elapae before the eotiputer 
detected the eye aa aoving. Thua, the detection way not have 
occurred for 18 aeee. or «ore after the eye actually began 
■oving, even if there were no delay in the aignal introduead 
by the eyetracking equipaent itaelf. Since a aaceade in reading 
requires ebout 22 neec. (Alp em, 1971) » thia aaounta to an in- 
tolerable lag. On the other hand, it ahould be noted that if 
the eye aoveaent began at the right time prior to a ao^le it 
would be detected vithin iuBt a fcv aiUiaeconda. 

The combination of a alow-reaponding aignal and » relatively 
•low aaapling rate reaulted in conaiderable lag» the laount of 
which i.a not known. However, an attest waa aade to eatiaate 
groealy the aaount of lag, froa eaccade velocity characterlatiea* 
characteriatiee of the riae and drop in SHf output to aquare* 
wave input aignala, and the knowledge of the tbreahold need by 
the coiputer in deteraining onaet and offaet of aaccadea (if 
the eye ooved nore than about 1/2 character poaition in l/60th 
of a aecond, it wr aaid to be aoving; if leaa it waa aaid to 
be stopped). Thlfc eatiaate auggeated that the coaputer might 
identify the beginning of an eye aoveaent froa about 8 to 23 
Baec. after it began, for a 25 aeec. aaceade. Lag tlasa for 
identifying the initiation of a fixation were even slower, 
probably in the range froa about 30 to 45 aaec. after the 
fixation actually began, following a 25 aaec. aaceade. Thua, 
while we thought that we were identifying eye aoveaent eventa 
within just a few Milliseconds , we were actually not identifying 
the initiating of a aaceade until it waa well underway or alaoat 
coaplete, and were not identifying the onaet of a fixation until 
the eye had been stopped for a conaiderable period of tiae. 

Since the aystea waa eubstantially f aater at identifying 
the onaet of a aaceade than the onaet of a fixation, the 
aeaaureaent of tiae required by aaccadic aov£«ienta waa probably 
inflated, and the aeaaureaent of tiae apent in fixatlona waa 
probably undereatiaated. 

In the final experiaent to be reported, referred to a* 
the boundary atudy, an atteapt waa aade to change the diaplay 
while the eye waa aoving. To try to do thia, it waa required 
that the eye had achieved a ainliia velocity before tha change 
could take place. In view of the preceding coaasnts it ia 
quite clear that auch of the tiae the change auat have occurred 
after the aaceade waa in fact finiahed, rather than during the 
eye aoveaent aa we believed waa occurring at the tiae. However, 
viaual auppresaion following a aaceade and viaual a ie klng 
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phttDOBsna proI>«bIy ainialsed the •£ ftett of these deleyt on 
reeding behevior. 

In addition to the filter Juet d(iecrih«d» en edditionel 
filter wee etteched to the output of the eye aoveaent aonitor. 
Thie m en KC filter network conteinlng e lOK Qbm reeieter 
end e .033 MFD cepecitor on e#-h channel. Thie network bed 
the effect of filtering out high fre<iuency eignel verietione, 
end introduced ebout 1/3 nsec. delay, ae well. 

The responee tiM of the eystea could he greetly increeeed, 
of course, by disabling the BioMtrics filter. It Is not 
known what changes in the software would then be required to 
reliably detect the onset of seccades and x'isetions. 



Coaputer Progress Developed for Proceesing the Pa? a 

IVo prograas were developed for representing and sums* 
rising the dete: EDAXA, which converted the raw date to ASCII 
characters end produced suaaery stetistics for the dete froa 
rea;fing eech pege of text, and HARK DATA, a set of prograas 
for printing out text with the location and duration of each 
fixation aarked on it, end for producing fretiuency distributions 
for certain aspects of the dete* 

ED^TA . The EDATA prograa was prepered in the PDP-10 
esseably lenguege. It first converted the rew dete into ASCII 
cherecter form. As Indicated eerller, for eech fixation there 
wee a two-word data block indicating the locetion of the 
present fixetion (line nuaber end cherecter poeition), the 
duretion of this fixetion, and the duretlon of the previous 
saccade. EDATA creeted one line of ASCII cherecters for eech 
block of dete, containing the line nuaber end characte r 
position of that fixation, the nuaber of that fixation 
(counting froa the beginning of the pessage), the duretion of 
the fixetion, the tlae required for the saccade, the length of 
the seccede in character positions, end a nuiri«er indicating 
type of aoveaent: forwaad aoveaent, regressive wveaent, 
forward In a regression (tbet is, following e regression, e 
forwerd aoveaent thet does not yet bring the eye tc the point 
froa which the regression occurred) and return sweep. EDATA 
also coapiled e lerge nuaber of suaaery stetistics for each 
pege reed. Theae Included: the nuaber of flxetions per 
hundred clmrecters, total tlae spent reading the page end tlae 
per hundred cherecters, eaount of tlae spent in eye aoveaents 
and the tlae spent In fiimtlons, nuaber of regressive aoveaents 
per 100 characters, end the first, second and third quertlles 
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for the distribution of fixation durations, saccade lensths* 
and time required for saccades. These quartile values were also 
coflq>iled for each of the four types of eye noveaenta separately. 

EDATA permitted one additional option. A problea that was 
occasionally encountered was that there appeared to be sore 
fixations identified by the coaputer than actually occurred. 
Under certain circuostances, either due to the adju«ta«nt of 
the equipoent or perhaps due to subjects* ay^ characteristics, 
there would be a number of short fixations on the saae or ad- 
jacent character positions. Thus it appeared that the system 
was too sensitive to eye isovenent on these occasions, and 
identified slight visual drifts as saccades. Therefore, It 
was decided r.hat two successive fixations on the saae or 
adjacent character positions would be defined as a single 
fixation. EOATA could be instructed to aake this change in 
the data m it produced the ASCII representation and suanary 
statistics. Most of the data was In fact aodified in this 
way, in order to aaintain consistency. If this aodificat^on 
se^abd desirable for part of a subject's data, all of tiis data 
was n&dified. Tliis was done in order to keep from biasing the 
dat.1 for different conditions, since all subjects were tested 
in all conditions in each experiment. 

MARK DATA . The MASK DATA routines were prepared in the 
MIT Artificial Intelligence Laboratory version of TECO, an 
editing language. They took as input a file of text which a 
subject had read; and a file of data in ASCII fora which had 
been collected as the subject read th^t text. They then 
aerged these two into a file which could be printed out, 
which showed the text read, aarked with ';he location of each 
fixation and the duration of that fixation, and then listed 
the ASCII data below, identifying each fixation by nuaber and 
showing the fixation duration, time required for the saccade, 
the length of the saccade, and tha mode of that fixation and/ 
or saccade (forward fixation, regression, forward in a re- 
gression, or a return sweep). This aade it possible to exaaine 
the eye aovement data in detail, in context of the text being 
read. An exaa^le of this output is shown in Figures 2 and 3. 



48 



61r 



e 

a 

o 

> 

> 



I- 
m 



Ci 



K a 

«n K K c 

C5 O 

o n w 
o 



en 



It 

cv ro 

ll> M 
X 



O f lit 
^ 0: OX 

ui r> r> K 
a o 

ui o 
cn; » o» 

Ui 

a> cr> 



o z 



mo cv 

o « ^ 
X ^ 
O K ^ 



X 


























CVI- 


o 




10 CO 




>- 




^ CO 




^ CO 










< 




A 

M- 








mm ^ 




<c 










e 










c 








o 








W4^ ^ 










-1 


















o 








t 


Q 








X r> 






X 












t> 
















>- 


















r 














r > 




cv IL 


UI 




< 


0 (D «-# 












X 






UI 


I 




CO 








Ui 




ft. 










7 


kJ 


0 




— 


< 




X 




<. 


CO 


CO 


0 








# 






kl 




r> 




W 








2r 


X 


CO 


0 


UI. 


2 




X 








2 




<V ftr 


kl 




u 






<v 


r> 0 


ci> K 




O 








in o cv 


X o 


cir 0 


cr 


kl 






««ki 


^ <^ 


o 




cv UI 


ar 


r 




o: 






a: 




mm 0 


UI 






k. 






< 


CO 




X 


c 








X 


UI 


Ui 






k. 








0. 


CO 

u. 


K 


Ui 


u; 


k/ 








X 


a: 


CO 






X 


r 






c e 




















X 




•J 






z 




UI 






co 


1^ tO 


7 
















X 






a> 




k. 




• 


X 


u 


«> 






«-< CV ft: 




IT C 




UI 


1- 








u; 








X 


it 




IT 




X 










kl 




to tiu 




K O 


«^ CO 


«^ 














O 
























X ir> « K 


kl 














UI 


X CV ^ 






k. 






k. 




a 








O 






UI «4 UI 


0 




kl 








n a* 


or 






CO 


O 










X 










at 








UI 


X 


CO « 


^ 




o 




UI o 




a 


0 


< ^ 


-1 




X 






X 




cv 




kl 








10 


O K 


K ^ >^ 








k: 










IT 


u. 












X 


ki 




0 






r>K 




CO 




















€2 at 


X 


ir> Ui 


CO 






X 




^ UI 


ip« ttrt ^ 


^ X 


IT 0 






o 


4 


CO 


to n 


or ^ 








fit 






u. 


kw 


0 








k. 






< 


0 


u. 





4i« m 

■51 



•H M 4J «i 
» O. « M 



ERIC 



OS 



ooooor>ocoooccr7ooeooor>GO 



• • i 



9B§ 

.HI 



•I 

O 0 ^ 



^ ^ ^ lo ct K « a o cv r> ^ r K c o. c cv' r- 
^ m « ^ r«w CM r> ^ II) ^ ^ m n id o ^ ^ ^ cm 



tit 



^r>oooooor>oooooooooroooooo 



^«-»toorvcv«) ^ c ^ o IT c> o ««ir'^ •^Kcrrvoto 
I t i 



« Q 



«M P 0 «r 

o li o « 
V d 



•«cvr>^ll>OKiDOkO•«^c^^r>'«l^olv«<^o«i•CMr> 



# # 9 

> «H <H 



X CM r> ^ if> in I cv cv n V to ^ ^ ^ ro ^ 

OOOOOCJOCVCVCVCVCVCVCVCVCVCV^^^^^^ 



J^i 

4J U 



o op 9 

g S o s 

I <a 01 d 

4UI r-l |4 



The MARK DATA routines could also be Mked to prepare a 
coaplete frequency distribution for fixation durations, 
saccade durations, or saccade lengths for each page of text 
read. 



C ot^uter Prograa to Prepare Materials for the Experiaients 

An additional prograa was prepared In the TECO language 
to assist in the preparation of text for the vlndow expcrl- 
■ents. The prograa bad a nuaber of let tar-substitution 
tables. It accepted a page of normal text as Input, and 
when a singla-lettar coaaand vas typnd It output a aodlflsd 
version of the text, with each character replaced by the 
appropriate character as specified la the letter-substitution 
table specified by the coMsnd. The tables immi vera the 
folloiflng: veplacc every chas. >jr except carriage return 
and line feed with an x; replace waxy letter or nuaber with 
an X, aalntalnlng case; replace every letter and nuaber with 
another selected to be visually conf usable with it; replace 
letters and nuabers with specified visually conf usable charac- 
ters and replace punctuation aarks and spaces with specified 
letters; replace every letter and nuabar with another selected 
to be very different froa It in visual characteristics; and 
replace every letter and nuaber with a specified visually 
different character and replace punctuation and spaces with 
designated characters. The text files created with these 
routines were used as peripheral text files in the wlndov 
experiaents. 
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CHAPTER 4 
WINDOW EXPERIMENT I: A PILOT STUDY 



Once the coi^ter prograu for conducting the reeearch had 
been developed and an attenpt aade to aaaeaa their accuracy and 
their operating characteriatica» an initial pilot study of the 
window type was conducted. The priaary purpose of this study 
was to learn whether subjects could successfully read text 
under these unusual conditions: that is, whan noraal text was 
dlaplayed in the central visual region, and a distorted text 
pattern in the peripheral visual areaa. It seaiwd ^ita 
possible that the aaasiva display changes occurring on every 
fixation would be so disrupting to the visual oystes that noraal 
reading would be iapossible. If it were possible for the aub- 
J acta to read successfully » than we were inter as tad in obtaining 
general data on the affecta which the two variolas aattipttlatad 
had on reading. These variablea were the size of the region 
within which norval text was displayed (referred to aa window 
site) and the type of Modification aade in the text pattern 
outside the «rindow region (referred to aa the peripheral text: 
pattern ) . In this atudy» the window alwaya included text on a 
single line, the one being fixated » and waa centered with 
respect to the fixation point. 



Method 

Subjects . Eight high school students from the Boston area 
were paid to participate in the study. All were juniors or 
seniors in college preparatory progress and were above average 
readers; all but one ware specifically identified as being 
aiwng the top ten percent of their claaa on reading teats ad- 
■inls tared by their schools. 

Materials . Two sets of passagea were prepared for the 

subjects* one for practice and one for the experiaent itself. 
The practice passages and their tests were taken froo the Carver- 
Darby Chunked Reading Teat (Carver and Darby, 1971). In 
addition* twelve 450-iiord paasagea were extracted from high 
school history, cbaaiatry, and biology texts for use in the 
experiaeni:. Each passage was divided into four pages, and 
eight queationa rc<)uiring short written answers were prepared 
for each passage, two testing inforaation from each page of 
the passage. 

Four peripheral text versions of each passage were pre~ 
pared by replacing characters in the original text with other 
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characters. These versions were: Conf usable-spaces (CS), in 
which each letter was replaced by a letter visually similar with 
it, as shown by visual confusion data (Hodge » 1962; Bouaa» 1971), 
and with spaces and punctuation left intact; nonconf usable- 
spaces (NCS) , in which each letter was replaced by a character 
visually different from it, and again with spaces aad punctu- 
ation remaining; X-spaces (XS) , in which each letter was re- 
placed by an x, with case maintained and with spaces and 
punctuation intact; and X-filled (XF) in which each character, 
space and punctuation mark was replaced by an x. Thus, the 
three S versions maintained word length patterns, punctuation and 
capitalization characteristics of the original text, whereas 
these were destroyed in the XF version. The CS version maintained 
word shape characteristics, since ascending letters were always 
replaced by ascenders, and descenders by descenders » etc., as 
veil as maintaining certain featural characteristics of the 
letters themselves. The NCS version presented incorrect word 
shape information, and the XS version destroyed all aspects of 
word shape except for the presence of capitalization. 

Design. The experiment consisted of a 4 by 6 desif^n, with 
the four peripheral text versions Just described, and with six 
window sizes, 9, 13, 17, 25, 45 and 140 character positions wide. 
A window of size 13 provided normal text at the character 
position which the computer identified as being directly fix- 
ated, and the 6 character positions to right and left of that 
position. Thus the window included characters only on the line 
being read, and was centered with respect to the character 
position in central vision. When the subject fixated near the 
end of a line, and the window area extended beyond the text, 
the actual nuober of characters of normal text displayed was 
less than the window size. A window size of 140 was used in 
one condition to ensure that no matter where on the line the 
subject fixated, the entire line of text would consist of normal 
text from the central text file. Thus, in tbls condition no 
display change occurred except when the subject made a return 
sweep to go to the next line. 

The two variables Just described were combined factorlally 
to produce 24 experimental conditions. Each subject read 12 
passages of 4 pages each, or a total of 48 pages of text, and 
thus read two pages under each of the experimental conditions. 
The conditions were balanced as well as possible over passages 
and over page sequence within passages, for the eight subjects 
used in th«» study. 

Procedure . Subjects came to the laboratory Individually 
and each participated in three sessions of 1 1/2 to 2 hours in 
length. During the first session a dental Impression was made 
on a bite bar, the subject was Instructed in the nature of the 
research, and he was given practice reading with various window 
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sizcis and perlpher«X text conditions. After the bite bar had 
been prepared, the glasses on which the eye position sensors 
were oounted were placed on the subject and the sensors were 
adjusted to mlnlolse non-llnearlty and crosstalk in the signal. 
This was done by having the subject repeatedly fixate points 
in a nine-point calibration pattern » with three rows of three 
points each, while the sensors were adjusted. Following this 
adjustflKnt, the subject was allowed to rest» and the nature of 
the research was explained to bla. For this study the EYETRACK 
C prograa was used, which enploys a heuristic for identifying 
the line on which the person Is reading. It assuaes that the 
reader begins on the first line, end that he continues to read 
that line until a leftward aovcaent or series of aoveaents Is 
made which totals 45 character positions in length. The nature 
of this heuristic was explained to the subject, together with 
the restrictions this placed on his reading behavior: he oust 
not sake long regressions, he is not able to return to a line 
previously read, and he Bust begin each page by f locating a dot 
in the upper right hand comer of the screen before starting 
to read. Then the subject read foor or five practice passages 
to see how the system worked, being tested after each. Be was 
enf.ouraged to try violating the rules of the system explained 
to him to see the effects of doing so. Prior to reading each 
passage, the subject went through the calibration routine, 
fixating a series of 25 points on the display, and pressing a 
lever as he looked directly at each point. Pressing the lever 
one additional time brought onto the screen the first page of 
the peripheral text version of the passage to be read. When 
the subject moved his eyes to fixate the beginning of the first 
line, a window of normal text appeared at his area of fixation, 
and each tine he changed his eye position, the appropriate 
window appeared at his new fixation point. Thus, he wss able 
to read the text, though In some conditions this was made more 
difficult due to the narrow window and hence to the narrow 
region from which full text Information could be obtained 
during a fixation. Each additional press of the lever called 
another page of text onto the screen. Hben finished reading 
the last page of a passage, the subject removed himself from 
the bite bar and took the test on that passage. 

During the second session the experiment actually began. 
After adjusting the eye position sensors, the subject was 
allowed to read two passages for warm-ut^. Then be read six 
of the twelve passages used in the experiment, removing him- 
self frou the bite bar and being tested after each. Prior to 
reading each passage, he vent through the calibration routine 
once again to ensure that any change in his head position or 
the position of the sensors was adequately accounted for by 
the eyetracking routines. While the subject took each test, 
the experimenter typed into the computer the conditions under 
which the four pages of the next passage were to be read. He 
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then scored the subject** test end gave him e report of hie 
test score, since the subject was paid partly on the basis of 
his test performance. As the subject read each passage, the 
experiaenter carefully watched the display on an auxiliary 
CRT and noted any irregularitica which occurred: for instance, 
it was often quite noticeable when the subject aade a pattern 
of eye aovenents which caused the window to advance to the 
next line too soon. Theae notes and an •y*«tnation of the 
data patterns served at a later tine for eliminating eye 
noveaant data from analysis for those regions of the text 
where such irregularities were noted. 

The third session proceeded in the same manner as the 
second, with the subjects reading the second set of six 
passages . 



Results 

Siiomary statistics were obtained for certain aspects of 
th;. eye behavior data for each page read by each subject, in- 
cluding reading time per 100 characters, median saccade 
length, aud median fixation duration. These data will now 
be summarized. 

Figure 4 shows the effect of window sice and peripheral 
text pattern on reading time. Reducing the size of the window 
slowed reading considerably. The peripheral text pattern 
seemed to have an effect primarily at the smallest window 
sizes, and the amount of that effect was ouch less than the 
effect of window size. 

The saccade length data were analyzed with a three-way 
analysis of variance, with the factors being subjects (8), window 
sizes (6), and peripheral text patterns (4). The data entered 
into the analysis were medians for each page read; thus, each 
subject contributed two medians for each condition in the experi- 
ment. TWO significant main effects were found for these data, 
for window size (F - 42.71, p< .001, 5 & 35 df) and for subjects 
(F - 49.79, p< ,001, 7 & 192 df). In addition, there were three 
significant interactiona, that between window size and peripheral 
text pattern (F - 2.153, p< .05. 15 & 105 df), that between win- 
dow size and subjects (F * 2.60, p<.01, 35 & 192 df) and that 
between peripheral text pattern and subjects (F * 1.83, p<.05, 
21 & 192 df). The main effect for window size and the Window 
Size X Peripheral Text Pattern Ititeraction can be seen in 
Figure 5. There was a general tendency for smaller window sizes 
to reduce the lengths of the saccades. The interaction between 
these variables is complex and will not be discussed further 
since it was explored more coa^letely in the experiment to be 
described in the next chapter. 
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Reading Time per 100 Chorocters (Sea) 
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Saccade Length for Forward Fixations 




The Window Size X Subject Interaction was examined further 
and appeared to ariae largely from the bahavior of two aubjecta 
whose reaction to the reading aituation seeaed to be quite 
different frca that of other aubjecta. Further examination 
of these two aubjecta found that one (who volunteered for 
the research and waa not obtained through the aaae channela aa 
the other subjecta) tended to have reading difficultiea and 
was Bur.h less skilled in his reading than the other aubjecta 
were. The other deviant aubjact waa a good reader* but it 
was discovered that abe often had trouble fixating a target. 
She reported that her eyea often did not both focua on the 
aaae location and that ahe b4d aought nedical aaaittance for 
this viaual probles. Theae aubjecta were not aaked to partici- 
pate in later atudlea. 

The fixation duration data were treated in the aaaa way 
&» the aaccade length data juat deacribed, with each aubject 
contributing two oediana for each of the experiaental con- 
ditiona to a three-way analyala of variance. TWo aain effecta 
weie found to be aignlficant, those for window size (F 76.19, 
P<.0C1. 5 & 35 cf) and for aubjecta (F - 37.33, p<.001, 7 6 
192 df). No interactiona were aignlficant. Figure 6 ahowa 
that as window aise waa reduced, the median fixation durations 
increased. 

Figure 7 shows the nuBU>er of regreaaiona made in reading 
the paaaages. There tended to be more regreaaiona when the 
subjects were reading with the smallest window size. 
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Fixation Duration 
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Regression Per 100 Characters 
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An analysis of variance carried out on the nuaber of 
questions ansvered correctly which tested inforastlon fro« 
pages read under the various conditions found no significant 
nain effects or interactions. Percent of questions answered 
correctly ranged from 55X to 65Z for the different conditions, 
vith an overall aean of 58Z. 



Discussion 

FroB the data and reported experiences of the subjects in 
this study it was concluded that subjects were able to read 
quite naturally in the type of situation which was provided. 
It was clear that reducing the size of the window caused thes 
to slow their reading, and they also reported experiencing 
so«e frustration in atte«pting to read with the saallest 
window sizes, as if they were having to push against soae 
liaitation or force which was holding back their reading 
speed. Other than this, however, they reported that when 
the/ were atteiqtting to read the passages for aeaning the 
display changes occurring did not sees to intrude or keep then 
frotB their task. They were aware, if they desired to be, of 
the window boundaries of the ssaller window sizes, and had the 
iapresslon of changes taking place in their peripheral vision 
if they paid attention to then. However, these went quite 
unnoticed when the subject concentrated on reading tc under- 
stand the passage. 

Reducing the window size affected all three eye behavior 
variables used: fixation durations increased, saccades 
shortened, and number of regressions increas&d, though this 
latter increase only occurred at the saallest window size. 
Type of peripheral text pattern was only found to affect the 
length of saccades, interacting with window size, and had no 
dear effect on the other aeasures. This interaction seeaed 
to occur prioarily at the saallest window sizes, which 
suggested than later research should use aore saaller window 
sizes in atteapting to deteraine Just how far into the 
periphery different types of peripheral text patterns have 
an effect on reading behavior. 

Thvs, it was concluded that the basic technique being 
used was capable of producing reading behavior changes which 
aay be useftil in deteraining how far into the periphery 
specific types of visual inforaation are being acquired 
during a fixation by the reader, and that an additional 
study should be conducted which involved aore systeaatic 
contrasts between types of peripheral text patterns, and 
which had a nuaber of window sizes in the saaller region. 
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One finding of particular interest in this study was that 
while window size had a significant effect on reading speed, 
it had no significant effect on test perfomance. When a 
person reads under conditions in which he can see only nine 
character positions at a time he has certainly been reduced 
to being a word-by-»ord reader. That is, it is seldom possible 
for hiai to identify nore than one word at a tine. Salth (1971) 
and others have suggested that one reason why poor readers fall 
to coapri^hend meaning as they read is because they are not 
capable of taking in larger chunks of infortaation at once 
during a fixation; that is, they are obtainlns only a word 
at a time, de clains that this causes the limited capacity 
infomation processing system to have to deal with more 
chunks of Information, thus overloading the system and making 
it impossible for the reader to integrate the meaning of the 
text as he reads. It is of interest, then, that reducing a 
group of good readers to being word-by-word readers fails to 
have these devastating effects on their comprehension of the 
ter :. Though they read more slowly, tbey seemed able to com- 
prehend and retain Information from the passage Just as veil 
when reading with a very narrow window as when reading with 
a wide one. Thus, this finding seems to call Into question 
the above .described mechanism as being a primary basis for 
the low comprehension level of poor readers. 
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CHAPTER 5 



WINDOW BXPEEIKENT II: WIDTH OF THE PERCEPTUAL SPAN 



Using the iafontstion gained fros the pilot study de> 
scribed in the last chapter* an experifl^nt iras designed to 
investigate aore coapletely the interaction between window 
siae and peripheral text pattern. Additional peripheral 
text patterns were included in this experiaent which allowed 
further exploration o^ the effects of word shape and word 
length patterns in peripheral vision. More window sises 
were used, and these were concentrated around the area in 
which the pilot study indicated peripheral text pattern may 
have an effect. A aore full analysis of the data was also 
carried out. 

The primary purpose of this study was to determine just 
how far into the periphery two types of visual inforaation 
were acquired by the subjects during fixations in reading. 
These types of inforaation were word shape and word length 
patterns. The research design involved factorially co»- 
bining a nuaber of window sizes with several peripheral 
text patterns » and having each subject read two pages of 
text tinder each of the resulting conditions. The strategy 
was to coapare the reading behavior at each window site for 
peripheral text patterns that did and did not contain a 
certain visual characteristic of the noraal text (say word 
shape). If it made no difference whether or not that charac- 
teristic was contained in the text pattern outside the 
window at a particular window sixe, this suggested that the 
reader was able to acquire the visual inforaation Involved 
coapletely within the window area. If at another window 
size, having that characteristic in the peripheral text 
pattern facilitated reading in coaparison with having it 
deleted, this suggested that the reader was picking up the 
visual inforaation involved in a region outside the window. 

The strategy for the research, then, was to coapare the 
eye behavior indices for specific peripheral text pattern com- 
parisons at each successively larger window size, to deteralne 
at what point there was a transition from the peripheral text 
pattern having an effect on reading, to its failing to have 
such an effect. The window sizes at which this transition 
took place would indicate the distance into the periphery 
that the visual characteristic being investigated was being 
acquired and used by the subjects in their reading. 
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Method 



Subjects , Six of the subjects who participated in the 
pilot study served as subjects in this expsriaent as well. 
By this tlae» each had six hours of experience in the type 
of reading situation used in this experiment . They were paid 
for their perforaance» including a base rate plus a bonus 
based on their performance on the teat questions. 

Materials . Sixteen 500-word passages were selected from 
a high school psychology text. None of the subjects had 
taken a course in psychology. Each passage was divided into 
six approximately equal sise pages, which trere displayed one 
at a time, double-spaced , during the experiment. 

Six algorithms were used to substitute letters for char- 
acters in the original text to produce peripheral text patterns. 
Four of these were the same as used in the pilot study: XS» 
XF, CS, and NCS. In addition two new versions were introduced: 
cr and NCF. In the X versions, each letter wav replaced with 
an X. In the C versions each letter was replaced by a letter 
vl£*ually similar (conf usable) with it. In the NC versions, 
each letter was replaced by a letter visually different (non- 
conf usable) from it. In addition, the S (spaces) form of each 
of these maintained spaces and punctuation, whereas, in the F 
(filled) form each space and punctuation mark was replaced by 
an apprtF?riate letter, an r in the XF version and other letters 
in the CF and KCF versions. In addition, in the XF version 
all replacement was done using capital X's, thus eliminating 
capitalization characteristics. 

As an example. Figure 8 shows a line of normal text and 
the corresponding line after having letters substituted to 
province each of the peripheral text versions. 
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TWO muItlpXe-choice test questions were prepared for each 
page of text» thus yielding 12 questions for each passage. 
These questions tested retention of infoxnation clearly stated 
in individual sentences in the passage. Each question had 
four alternatives fro* which the subject was to choose* 

Design. Forty-eight display conditions were used in this 
study, produced by factorially coobinlng eight window sixes 
with six peripheral text patterns. The six peripheral text 
patterns have already been described; window sizes used were 
13, 17, 21, 25, 31, 37, 45 and 100 character positions. Thus, 
for the saaller windows each successively larger window sise 
extended the window by two character positions at each end. 

Each subject read all sixteen passages (96 pages), with 
two of the pages being read under each of the 48 presentation 
conditions. All subjects read the passages in the saae order, 
but the condition order was unique for each subject. An 
att<>apt was oade to balance presentation conditions over 
passa^,'*. and page sequence as far as possible. Each presenta- 
tion condition occurred once in the first eight psssages, and 
ag&^n in the last eight, for each subject. 

Procedure . The procedure used was sinilar to that in the 
pilot study, and used the EYETRACK C Prograa. Each subject 
participated in the study for two two-hour sessions, reading 
the first eight passages during the first session and the last 
eight during the second session. At the beginning of each 
session, after the equipoent was adjusted, the subject had the 
opportunity to warn up by reading two or three passages fro« 
the pilot study under conditions of various window sizes and 
peripheral text patterns. Prior to reading each passage the 
subject vent through the calibration task. In the experlacnt 
itself, after reading all six pages of a passage he caae 
off the equipaent and took the test for that passage. Prior 
to reading the next passage, the test was scored and he was 
infonsed of his score. In order to encourage the subjects to 
put their eaiphasis on reading the passage to ttnderstand it and 
reaenber its content, they were given one cent for each question 
correct on each test. 



Results 

The Data. For each page of text read by each subject, 
sunnary statistics were obtained for a nuaber of aspects of 
eye movement behavior, in addition to scores on the retention 
test. Each fixation and aoveaent in the eye behavior data was 
categorized either as a forward aoveaent and fixation, a 
regressive aoveaent and fixation, a forward aoveaent and 
fixation in a regression (if a regression had previously been 
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oadc and this forward taovenent failed to bring the eye back to 
the point from which the regression was originally made) , or 
as a return sweep. On the aovement or series of aovenents 
which advanced the eye to the next line, all aoveoents were 
categorized as return sweep ooveaents, and fixations bounded 
on both sides by return sweep aovenents were identified as 
return sweep fixations. The fixation occurring at the end of 
a return sweep, which was then followed by a forward acveaent, 
was identified as a forward fixation. 

Three types of eye noveaent data were analysed. Tbe first 
waa tlae data. The reading tlae per hundred characters wa« 
coBputed for the page, and then this was broken dowt. in two 
ways. First, ic: was broken into tiae spent in aovaaent 
(Movement Time) vs. tima spent in fixations (Fixation Tiae). 
Tine spent in< forward novenents and in forward fixations was 
also obtained. Second, tine was broken down by the categories 
of aovenents and fixations, yielding total tine per 100 charac- 
ters for forward aovexMnts and fixations, regressions, forward 
aoveffients and fixations in regressions, and return sweeps. 

The second type of data consisted of sinple counts of the 
nuaber of fixations and novenents per hundred characters, both 
total for the entire page, and broken down into forward, re- 
gression, forward in regression and return sweep, in order to 
have the nuaber of each of these types of novenents and saccades 
which occurred. 

The third type of data was aeasures of saccade lengths, 
saccade durations and fixation durations. Saccade lengths 
were measured in nuaber of character positions. Both saccade 
and fixation durations were aeasured in 60ths of a second. 
As indicated in Chapter 2, characteristics of the equipnent 
and saopling procedures used tended to inflate aoveaent 
durations and underestiaate fixation durations by a saall 
aaount. First, second and third quartiles were obtained from 
the distributions of all fixation durations and forward fix- 
ation durations for each page. Second quartiles (aedians) 
were obtained for the distributions of fixation durations for 
regressions, forward aoveaents in regressions and return sweeps. 
The saae statistics were obtained for the distributions of 
saccade lengths and saccade durations, except that no statistics 
were included for distributions of all saccade lengths and 
durations. Thus, there were 34 dependent varisMes for which 
one score w&s obtained froa each passagvx read. These variables 
are listed in Table 1. 
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TABLE I 

WINDOW EXPERIMENT II: A LIST OF DEPENDENT VARIABLES 



Time Data: 

notal time/ 100 characters 
Fixation time/100 characters 
Movement tfir^/lOO characters 

Forward fixation time/lOO characters (Tfm-ForFIx) 
Forward moverirent time/ 1 00 characters 
Time in forward movements and fixations/ 

100 characters (Tim-ForTot) 
Time in regressive movements and fixations/100 characters 
Time in forward fn regression movements and fixations/ 

100 characters 

Time in return sweep movements and fixations/100 characters 

Frequency Data: 

*f\Hnber of fixat Ions/100 characters (Num-TotFix) 
^Number of forward fixations/100 characters (Num-ForFix) 
^NiOTber of regressive fixations/100 characters (Num-RegFix) 
Number of forward In regression fixat fons/IOO characters 
Number of return sweep fixat lons/lOO characters 

Lengths and durations: 
Saccade Lengths: 

^Length of forward movements: lst> 2nd and 3rd quart iles 
(Len-'ForMov) 

Length of regressive movements: 2nd quart lie (Len-RegMov) 
Length of forward in regression movement?: 2nd quart lie 
Length of return sweep movements: 2nd quart ile 

Movement Durations: 

Duration of forward movements: 1st and 2nd quart iles 
(Dur-ForMov) 

Duration of regressive movements: 2nd quart ile 

Duration of forward in regression movements: 2nd quart ile 

Duration of return sweep movements: 2nd quart ile 

fixation Durations: 
^Duration of all fixations: Ist^ 2nd and 3rd quartiles 
(Dur-TotFix) 

^Duration of forward fixations: lst» 2nd and 3rd 
quarti les (Dur-ForFix) 
Durat?on of regressive fixations: 2nd quarti He 
(Dur-RegFix) 

Duration of forward in regression fixations: 2nd quarti le 
Duration of return sweep fixations: 2nd quarti le 



These variables served as the dependent variables in Window 
Experiments III and IV. 

68 



Effects of Peripheral Text Patterns. For each of these 
variables, eight 3-vay analyses of variance were carried out» 
one for each vindow size. The purpose of each analysis was 
to determine whether at that window sise peripheral text 
pattern had any effect on the dependent variable. The three 
factors in each analysis of variance «rere subjects (six) » 
letter replaceaent algoritha used in producing the peripheral 
text pattern (called Letter Replaceaent » with three levels 
for C, NC and X versions), and whether the peripheral text 
pattern had spaces and punctuation remaining or removed 
(called Space vs. Filled, with two levels for S and F versions). 
This led to a large number of analyses, a total of 272, being 
carried out. Since this was bound to lead to a aaiaber of 
significant effects on the basis of chance alone, the 
following strategy was used to identify differences which 
were likely to be reliable. A difference was considered to 
be reliable if it occurred at two successive window sizes » 
with a significance level less than .10 «t each window sixa» 
and with the data pattern at both window sizes being similar. 

For most dependent variables there was a significant 
main effect for subjects, and for some, subjects interacted 
with other variables. These effects will not be explored 
here, but attention will be given to main effects for Latter 
Replacement and for Space vs. Filled, and interactions between 
these two variables. 

For window sizes of 31 and greater there were no reliable 
effects using the above definition of reliability. Where sig- 
nificant effects were found at one window size, the data 
pattern observed at adjacent ^ndow sizes was not the same. 
Thus these effects were assumed to be due to chance factors. 
It is concluded that with a window size of 31, there is no 
evidence that the readers were acquiring either word shape 
or word length pattern information from the region beyond the 
window. Thus, there is no evidence that this Information 
was scquired more than 15 character positions from the point 
of central vision by the subjects of this experiment. One 
possible exception to this conclusion will be noted later. 

A number of reliable main effects and interactions were 
found at the smaller window sizes. These are listed in 
Table 2. These could be broken down into four categories: 
variables that influenced saccade lengths, those that in-* 
fluenced the duration of fixations, those that influenced 
the number of regressions, and those that were more gross 
measures of eye behavior and hence were affected by the three 
categories already mentioned. 
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TABLE 2 



WINDOW EXPERIMENT II : A LIST OF RELIABLE EFFECTS 
NOT INVOLVING THE SUBJECT FACTOR 



var utD le ^ w inaov 
Siae 
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Value 


uegreea oi 


Dlgnit • 
Laval 


in i'iaura 


Tia-ForFtx 17 


S 


31.60 


1»5 


.003 




21 


S 


A. 14 


1»5 


.10 






c 










21 


s 


4.47 


1»5 


.09 




*V«IB^ JlVUJr X^ 


c 


^ Q1 








17 


s 


11.49 


1»5 


.02 




13 


SL 


3.29 


2,10 


.08 




17 


SL 


3.41 


2,10 


.07 






e 

d 


1 0 HA 




• UvO 




17 


S 


41.53 




.002 




21 


s 


4.60 


1.5 


.08 




MuiR-ilegFlx. 13 


L 


5.67 


2,10 


.02 


12 


17 


L 


3.87 


2,10 


.06 


12 


25 


h 


5.60 


2,10 


.02 


12 


Len-ForMovQ2 13 


S 


3.94 


1,5 


.10 


9 


17 


S 


13.36 


1,5 


.02 


9 


Len-ForMovQ3 13 


S 


21.87 


1.5 


.006 


9 


17 


S 


24.79 


1.5 


.005 


9 


21 


s 


lo*o5 


1»5 


.008 


9 


25 


s 


i.27 


1*5 


.06 


9 


Lftn-Re^MovQ2 13 


SL 


3.48 


2,10 


.007 


10 


17 


SL 


8.01 


2,10 


.009 


10 


Dur-ForMovi|2 13 


S 


5.91 


1,5 


.06 




17 


S 


9.35 


1.5 


.03 




Dur-ForFtxQl 21 


SL 


7.81 


2,10 


.009 


11 


25 


SL 


8.00 


2,10 


.009 


11 


Dur-ForFtxQ2 17 
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3.51 
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.07 


11 


21 
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4.47 


1.5 


.04 


11 


Dur-£UigFixQ2 21 
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5.58 


1,5 


.02 




25 


L 


4.20 


1,5 


.05 





^Variablea are Hated in Table It together with naeaKmlca^ 
**S Ittdlcatea algnlf leant effect for apacea va» filled; L 

indicates aigoif leant effect for letter replaceiaent ; SL indicates 

a significant interaction* 
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Saccade lengths were affected only by the presence or 
absence of spares in the peripheral text pattern. Figure 9 
presents the average l8t» 2nd and 3rd quartilea for the 
distributions of saccade lengths for the S and F peripheral 
text patterns » together with an indication of the aignlf leant 
effects. As can be seen, when word length patterns were 
eliminated from the peripheral text pattern >y filling the 
spaces » the saccades tended to be shorter. This effect is 
most noticeable at the 3rd quartile, indicating that It 
tended primarily to reduce the number of long saccades » 
thus constricting the distribution of saccade lengths at 
the high end» rather than simply shifting the entire dis- 
tribution down. The difference between S and F versions 
is present at least up to a window size of 25 » and may be 
present even further » though the difference there is not 
significant. It appears, then, that word length pattern 
information is acquired at least as far as 12 character 
positions (3^) from the center of vision, and perhaps even 
farther, and is used in guiding the eye during reading. 

A significant main effect for Spaces vs. Filled was 
also found for saccade duration data at the three smallest 
window sizes. With ^^rd length pattern eliminated from 
the peripheral text pattern, saccades were of shorter 
duration, which of course simply reflects the fact that 
saccades were of shorter distance under these conditions 
as already noted. 

The average length of regressive saccades also tended 
to be less when word length Information was eliminated from 
the peripheral text pattern, though the dlfferoice was 
significant only at window size 17. This difference is 
shown In Figure 10. The Spaces vs. Filled X Letter Replace- 
ment Interaction was significant at the .01 level for re- 
gresslo saccade length data at the two smallest window 
sizes, but the data pattern changed greatly between the 
two window sizes so these interactions will not be considered 
reliable or explored further. There was a tendency for 
the XS condition to produce particularly Bhott regressive 
saccades at the 17, 21, aad 25 window sizes, with ssccade 
lengths for that condition being more like those of the 
Filled conditions than the other Spaces condltloma. 
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Length of Forward Saccades 
(No. Character Positions) 
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While lengths of saccader were Influenced primarily by 
the presence or absence of word length pattern in the 
peripheral visual areas » the duration of fixations was in- 
fluenced largely by letter replacenent* Significant nain 
effects for letter replacement were found for the 2nd and 
3rd quartiles of the distributions of forward fixation 
durations and the 3rd quartile for total fixation durations 
at window sizes 1 and 21* The forward fixation duration 
data are presented in Figure 11. Total fixation duration 
data are alxuost identical. From this figure it can be 
seen that there tends to be a small difference in the 
duration of fixations between the C and NC letter replace** 
ment conditions at the two smallest window sises* but that 
this difference disappears at window size 21. At the smallri: 
sizes y having improper worr. shape patterns in the peripheral 
text pattern inflates the fixation durations slightly. With 
window size 21 ^ however » it seems to make no difference 
whether the peripheral text pattern presents accurate or 
inaccurate word shape information » suggesting that general 
word shape infon^^ation is not acquired by these readers as 
much as 10 character positions from the point of central 
vision. 

At the three smallest window sizes, the X letter 
teplacement condition leads to the lowest fixation durations. 
The X condition has the characteristic that the boundaries 
of the windows are well marked; the contrast between the 
normal text in the window region and the homogeneous x 
pattern in the peripheral area is very noticeable. Thus, 
it would seldom happen that a reader would make the error 
of a^ tempting to Integrate letters from outside the window 
into the text pattern within the window itself. On the 
other hand, with the C and NC letter replacement conditions 
the boundaries of the window are not at all obvious, and 
the reader uiiJoubtedly quite frequently picks up letters 
from outside the window area and attempts to integrate them 
with the normal text in the vlndow, thus producing some 
<<isru7.1ba. This disruption likely leads to the longer 
duratioTis for the C and NC conditions as cogpared to the 
X conditions. If this is so, then the fact that there is a 
diffete^ce in fixacion durations between the X and the C 
and NC conditions at window size 21 suggests that the 
reader is picking up specific letter Information under 
nhe C and NC conditions ae much %h 10 character positions 
from his point of central vision. These differences dis- 
appear at window size 25, suggesting that this type of 
visual information is not being acquired b^ the readers at 
12 character positions from the point of central vision. 
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The first quartlle forward fixation duration data shoved a 
Spaces vs. Filled X Letter Replacement Interaction at window 
sizes 21 and 25. However, the data pattern was not conaiatent 
from one %rlndow size to the next» so these interactions will 
not be considered reliable. 

This consideration of the fixation duration data leads to 
two conclusions: first » the subjects acquired specific letter 
information no nore than 10 or 11 character positioos (2 1/2^) 
from the point of central vision, and second, general word 
shape Information was not ac(;ulred any further into the 
periphery than this, either. Thus, word i^btpe patterns, 
other than word length characteristics, are acquired no 
further into the periphery than is specific visual laforaatlon 
needed to identify letters. 

The number of regressions nade by subjects p^r 100 
characters was reliably affected by the letter replaceaent 
pattern. Significant aain effects for letter replacement 
weie found at window sizes of 13, 17 and 25. These effects 
arc shown in Figure 12. Here it is seen that the C condition 
produced the most regressions » whereas the X condition pro- 
duced the least. The reason for this difference Is not known, 
though it may have something to do with the naturalness of 
the appearance of the peripheral text pattern. The least 
natural-appearing pattern was the one which led to the fewest 
regressions. 

The differences in saccii^de length » fixation duration^ and 
number of regressions produced by the variables resulted in 
differ* tnces in other more gross measures of eye behavior in 
reading. A significant main effect for Spaces vs. Filled 
was found at window sizes 13 and 17 for total reading time 
per hiaidred characters » total time spent in forward movements 
and fixations per 100 characters, total number of fixations 
per hundred characters, total nuxsber of forward fixations per 
hundred characters, total time spent in fixations per hundred 
characters and total time spent in forward firations per 
hundred characters. The latter variable also showed ^ signifi- 
cant effect at window size 21. These data will not be presentcui 
in detail since they siii^ly resulted from the previously-noted 
effects of the variables on specific eye behavior measures 
and by themselves add nothing to the understanding of the 
reading processes iavolved. 
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No. of Regressive Movements 
Per. 100 Choracter Positions 
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Effects of viadov size . Figure 13 shows the effect of 
window size on the time required to read the text. The de- 
pendent variable is time required to read one hundred 
characters. Reducing the window size caused this time to 
rise from 4.33 to 6.92 seconds, a 60X increase. This increase 
resulted primarily from an increase in the amount of tine 
the eye was fixated: total time in movement rose lOX while 
total time spent in fixations rose 76Z. As seen in earlier 
figures, this increase was a result of the subjects making 
both "^ore fixations (a 332 increase from 12.82 fixations per 
hun--. haracters to 16.98) and fixations of longer durations 
(a 315, increase from 245 msec, median forward fixation duration 
to ?Z0 msec). The larger number of fixations was entirely the 
result of readers making shorter forward aaccades, with median 
saccade length dropping from 8.71 to 6.43 character positions. 
There was no increase in the number of regressive movements as 
the window size was reduced. The median number of regressive 
movements per hundred characters ranged from 1.1 to .9 for the 
different window sizes. Thus, the increase in reading tlsie 
wlt'i smaller window sizes was not due to a change in the 
number of regressions, but was the result of changes In the 
normal forward s&ccade and fixation pattern. 

As seen in Figure 13, reading time continued to drop as 
window sizes became larger, and only reached asymptote at the 
largest sizes. Median saccade lengths and fixation durations 
showed the same pattern. This change may be due to either of 
two types of Influences: either subjects were obtaining some 
useful visual information from the normal text from regions as 
wide as 45 character positions, which was not available in 
the peripheral text patterns, or else reducing the window 
size itself changed the reader's behavior or produced arti- 
facts which were reflected in his eye movement behavior. 
The first of these possibilities would be of greatest Interest, 
the possibility that the reader is actually acquiring and 
using certain specific aspects of the visual information 
from a very wide region around the point of central vision. 
However, this does not seem likely in view of the earlier- 
reported results from this experiment. The evidence seemed 
to indicate that the readers were not obtaining word shape or 
specific letter information from a region extending more than 
about 10 or 11 character positions from the point of central 
vision, and that they were not acquiring word length pattern 
information more than about 15 character positions into the 
periphery. If this is so, it is difficult to imagine what 
other visual characteristics of the text might be acquired 
further into the periphery which were not present in the 
peripheral text patterns. Therefore, it will be assumed 
that the continued drop in the reading time and other curves 
with increased window size has some other basis. 

7« 
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Aaong the many posalble reaaona for why reducing the window 
size xftight produce the effects noted » two sees particularly 
likely. One possibility is that subjects have the ability CO 
control the size and location of the gcsneral area from which 
they acquire visual infonution on each fixation during readings 
Thus, as the window becsae smaller » they tended to constrict 
their field of visual attention to a narrower region. This 
nay also cause them to aako shorter saccades and perhaps even 
longer fixations as the window becomes smaller » but at the same 
time would not lead to dll'ferences in reading behavior as a 
function of type of peripheral text pattern. If this expla- 
nation were in fact corrects it would invalidate the previous 
conclusions about the size of the region from which our sub* 
Jects tended to pick up visual information; the results found 
would be typical only of subjects reading under conditions 
which forced them to narrow their range of attention during 
each fixation. 

The second possibility for why smaller window sizes pro- 
dui^d the effects noted is related to the lag discussed in 
Chapter 3 in identifying the onset of a fixation and producing 
the display changes required for this research* It was noted 
there that the display change may not have occurred for as 
nuch as 30 to 43 msec, following the actual eye fixation onset. 
Even though this is within the time when visual masking was 
likely occurring as one stimulus pattern replaced another » 
it is possible that the display changes taking place in the 
periphery were sufficiently distracting to produce changes in 
the eye movement patterns » causing longer fixations and pro- 
ducing more short saccades. With small window sizes ^ these 
changes would be taking place closest to central vision^ 
where they might be expected to have the most disrupting 
effect. As the window became larger the changes were being 
made further and further into the periphery^ where their 
effect » while still present » was reduced. Thus» reading, 
patterns m^y have been effected somewhat by these display 
changes taking place even some distance from the p' Int of 
central vision. 

At preL^entf the authors tend to accept this latter 
explanation. There are two reasons for this» Firsts Reder 
(personal communication) has conducted similar research at 
Rockefeller University under conditions with substantially 
less lag in producing the display change, and he reports that 
the curves asymptote much earlier in his studies. This 
suggests that the delayed asymptote in our research was not 
due to a narrowing of the field of attention since if it 
were^ the same phenom»aon would be expected to be present in 
Reder *s data. Rather » it is probably due to the relative 
slowness with which our display changes were taking place. 
Second t a stsdy to be reported in a later chapter which did 
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not involve the type of display changes used in the present 
study » and thus which would not tend to induce the reader to 
narrow his field of attention* obtained results concaming the 
size of the perceptual span in reading which are quite con- 
pa tible with the estimates fron the present study. This 
issue iddll be discussed further in Chapter 9> leading to the 
conclusion that the window size effects were probably due 
artifacts produced by the display change Itself* rather than 
to changes in the width of the field of attention. 

Retention Teat Performance . The retention tests were 
constructed to have two questions taken from the information 
on each page of text. This made it possible to carry out a 
four-way Analysis of Variance on retention test scores to 
determine whether the variables influenced the subjects' 
retention of information from the passages. The only signifi- 
cant effect was the Window Size X Subjects Interaction 
(F - 1.553* p<.03» 35 & 288 df)c As in Window Eacperiment I, 
window size did not have any effect on text performsnce 
(F - 1.371, p<.25> 7 & 35 df). The significant interaction 
was plotted to determine whether there was a tendency for 
some subjects * but not others , to perform more poorly with 
smaller window sizes. No such tendency could be found. Thc^ 
interaction seemed to arise primarily from lack of coaq^lete 
counterbalancing in the experiment due to the small nu8d>er of 
subjects in relation to the large number of passages. Curves 
for Individual subjects were very Irregular across window 
sizes,, with no observable trends. 

Thus, this experiment provides additional jpport to the 
notion that the poor coflq>rehension of students with reading 
disabilities cannot be attributed to reading with a narrow 
perceptual span. Ck>od readers who are forced to read from a 
narrow region of normal text succeed very well at retaining 
information from the text. 



Discussion 

This experiment has provided data which begin to answer 
the question about the size of the perceptual span during a 
fixation in reading. First It is clear that there is no 
single perceptual span^ but that readers acquire and use 
different aspects of the available visual isiformatlon different 
distances into the periphery. Of the aspects studied here, 
word length patterns seem to be acquired the greatest distance 
into the periphery, at least 12 character positions from the 
point of central vision and perhaps as much as 15 or more* 
There Is no evidence that general word shape is being acquire 
further into the ^ ^rlphery than Is visual information con^ 
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ceming specific letters. These types of information appear to 
be acquired no more than 10 or 11 character positions into the 
periphery^ Assuming that vord length patterns are used pri- 
marily in guiding the eye» these results suggest that the 
skilled reader acquires the type of visual information generally 
used for word and meaning identification from a rather narrow 
region during a fixation. 

Several questions remain concerning the perceptual span^ 
First is the question of whether the reader acquires useful 
visual information from the line other than the one he is 
directly fixating he reads. Second is the question of 
possible asymetry of the span; that is» does the reader 
acquire visual Information equally far to the left and right 
of the point of central vision » *r is there an asymmetry 
involved. Third is the question of whether the results 
obtained in the present study are peculiar to the situation 
where the subject is reading with a changing window » or whether 
ti^e same general results would be obtained using quite a 
dirrerent research technique. These questions led to the 
studies to be reported in succeeding chapters. 
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CHAPTER 6 

WINDOW EXPERIMENT III: 
VISUAL INFORMATION FROM ANOTHER LINE 



Researchers involved in the study o£ reading have long been 
interested in whether or not readers acquire and use visual in- 
fonsation fros lines other than the one being fixated. Dear- 
born (1906), for instance, suggested that word ahape, dominant 
letters and word length of words in the line below the one 
being read aay be of service in detersining the location of 
fixation pauses in the second line. He also indicated that 
the reader may be getting sone seaantic inforaation froai that 
line, for he warns that "if the words in the line below have 
absolutely nothing or little to do with the senne of the line 
being read, this view iff often more of a hinderance than a help. 

Huey (1908) and Woodworth (1938) likewise suggested that 
information on lines other than the one being fixated may be 
useful to the reader. 

More recently, the question has re&urfaced in the study 
of selective attention in reading (Neisser, 1969; Willows and 
MacKinnon, 1973). Based upon the selective attention studies 
in listening (Moray, 1959; Treisman, 1964), the paradigm in- 
volves having subjects read text aloud vhich is double-spaced 
and which has words or phrases embedded between the lines. 
Willows and MacKinnon report that the information contained 
in the irrelevant lines do influence subjects responses on 
multiple-choice questions about the passage. Thus there Is 
some evidence that subjects may semantically interpret infor- 
mation on other lines, at least at times. 

In addition to this empirical work, Hochberg (1970) has 
suggested that the information available to peripheral vision 
from adjacent lines might be subject to preattentive processing, 
thus giving the reader a preview of what is to follow and 
facilitating his reading in that way. 

The experiment to be described in this chapter was an 
attempt to use the Window Experiment technique to learn whether 
skilled readers obtain useful visual information from the line 
below the one being read. In addition, the study was designed 
to try to determine what aspects of the visual pattern were 
useful to the resder, if such facilitation were found. 

In the study, subjects read with a wide window (40 charac- 
ter positions), and half the time the window included the line 
below that being read as well as the line being directly 
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fixated. Thus, the windov was either one or two lines high. In 
addition, several peripheral text patterns were used, varying 
whether or not accurate word shape and word length information 
was available In the region outside the window Itself. 



Method 

Subjects ^ Six of the students who had participated In the 
previous experiments, three male and three female, served as 
subjects in this experiment as well. They were paid for their 
participation. 

Materials . Eight 500-word passages ware taken from the 
samk high school psychology text as In the previous study. 
Each was divided into four pages, with each page conf.alnlng 8 
to 10 lines of text, and was presented double-spaced on the 
CRT. Four peripheral text pattern versions were prepared for 
each page of the text; these were of the same type as the CS, 
CV, KCS and NCF versions used in the previous study. Eight 
short-answer test questions were prepared for each passage, 
vit^ two related to the information contained in each page of 
text. 

Design . This study involved two window sixes and four 
peripheral text patterns. The peripheral text patterns have 
already been described. The window width was always 40 charac- 
ter positions, but sometimes it was restricted to the line 
being fixated and sometimes it included the line below as well. 
The factorial coBd>lnatlon of these two variables resulted In 
eight experimental conditions. Since each subject read 32 
pages of text, he was tested under each experimental condition 
four times. Conditions were balanced over passages and page 
sequence as far as possible. 

Procedure . The procedure was similar to that in the 
previous studies. The study was conducted using the EYETEACK 
C program. Each subject was given the opportunity to read two 
or three passages to become reaccustomed to the experimental 
situation, and then he read the eight passages in the experi- 
ment, all In a single session. He was engaged in the cali- 
bration task prior to reading each passage, and was tested 
following each passage. 



Results 

Four-way Analyses of Variance were carried out for each 
of 13 of the dependent variables used in Window Experiment II. 
These variables are identified in Table 2. Factors for each 
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analysis were Letter Replaceaent (C v». NC peripheral text 
patterns). Spaces vs. Filled (S vs. F peripheral text patterns). 
Window Size (one or two lines) and Subjects (six subjects 
participated) . 

Every analysis showed a sisnif leant effect for subjects. 
All data of fixation durations indicated a significant effect 
for window aise. Including the line beneath that being fixated 
in the window resulted in shorter fixation durations, as shown 
in Table 3. This apparently led to a significant effect of 
Window Size on the tine required to read 100 characters 
(F - 43.38, p<.002. 1 & 5 df). The subjects read the text 
faster when the window included two lines. Tine re<{uired to 
read 100 characters with a one^line window was 5.00 sec, 
but with two lines the tine dropped ta 4.84 sec. 

There were few significant nain effects due to either of 
the peripheral text pattern variables. A Aignif leant letter 
replacement effect was found for median saccade length for 
foT-..-ard saccadea (F - 6.985, p< .05, 1 & 5 df), but thia 
effect was not significant for either the first or third 
quartiles for saccade length. A significant effect for spaces 
vs. filled was found for the first quartile of the distribution 
of total fixation durations (F - 9.20, p<.03, 1 & 5 df). This 
effect was not significant at either the second or third quar- 
tiles, nor was it significant for the first quartile of the 
distribution of forward fixation durations. In only two 
analyses was there a significant interaction between window 
size and either of the peripheral text pattern variables. One 
was a Window Size X Letter Replacenseat Interaction for first 
quartile data for the length of forward saccades. Neither the 
second nor third quartile data showed this pattern. Tae 
second was a Window Size X Letter Replacement X Spaces vs. 
Filled Interaction for total number of fixations per 100 
characters. This Interaction is shown in Figure 14. With a 
two-line window subjects required fewer fixations to read the 
passage when CF or NCS peripheral text patterns were present, 
but required nore to read it i^en the CS and NCF patteroa 
were used. The reason for this interaction is not apparent* 



85 



TABLE 3 



WINDOW EXPERIMENT III: FIXATION DURATIONS WHEN READING 
WITH A ONE OR TWO LINE WINDOW 



Variable 


Fixation 
] Line 


Duration 
2 Lines 




Significance 
Level 


Dur-TotFlxQl 


209.75 


198.75 


9.90 


.025 


Dur-TotFixQZ 


269.^8 


256.97 


19.17 


.008 


Dur-TotFixQS 


343.^9 


329.22 


18.07 


.009 


Dur-ForFixQ] 


216. 10 


205. 6 A 


9.^7 


.027 


Dur-rorFlxQZ 


272.^8 


260.52 


22.58 


.006 


Dur-F'?rFixQ3 


3^6.53 


332.48 


21.23 


.007 



Variable mnemonics are listed in Table K 

it 

All tests have I and 5 degrees of freedom. 
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No. Fixations per 100 Characters 
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Several significant interactions involving subjects was 
also present in the data* Subject X Window Size Interactions 
were £ound in both the fixation duration and saccade length 
data. First quartile data for fixation durations for both 
all fixations and for Just forward fixations showed this 
interaction (F - 9.90, p<.03, 1 & 5 df; F - 9.47, p< .03, 
1 & 5 df). Although all subjects showed shorter fixation 
durations with a two-line window, the amount of reduction 
was different for different subjects. First, second and third 
quartile data for the length of forward aaccades each showed 
a significant Subject X Window Size Interaction (F • 2.35, 
5.02 & 5.05; p< .05, .0005 & .0005j 5 & 144 df). Window 
size had a different effect on different subjects: four of 
the subjects showed longer saccades when the window con- 
tained only one line, and two showed longer saccades when 
it contained two lines. Thus, although the window size 
appeared to have an effect on saccade length, having the 
extra line present did not always lead to longer saccades. 

One final interaction involving subjects was a Subject X 
Window Size X Letter Replacement Interaction for number of 
regressive movements per 100 characters (F « 2.80, p<.02, 
5 6 144 df). The means involved in this interaction are 
presented in Table 4. No clear pattern emerged from its 
further examinatiL^n. 
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TABLE k 



WINDOW EXPERIMENT IM; MEANS FROM SUBJECT X NUMBER OF LIMES 
X LETTER REPLACEMENT INTERACTION FOR NUMBER 
OF REGRESSIVE MOVEMENTS 
PER 100 CHARACTERS 



Conf usable (C) Non-conf usable (NC) 

Subject 1 Line 2 Lines 1 Line 2 Lines 



1 


1.187 


1.071 


1 .001 


1.170 


2 


0.277 


0.738 


0.574 


0.339 


3 


0.282 


0.338 


0.281 


0.256 


k 




0.888 


0.934 


0.985 


5 


1.653 


1.300 


1.164 


1.608 


6 


1.567 


1.440 


1.332 


1.202 
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The results suggest that reading was Indeed being effected 
by whether the line below the one being read contained normal 
text or not. The nature of this effect » however » was quite 
complex. The extra line shortened fixation durations for all 
subjects t but did not necessarily increase saccade length or 
hive any effect on the number of regressions. Subjects did 
vr^^ the passages somewhat faster with the extra line of text 
present . 

It is also not clear what the basis might be for any 
facilitation of reading which is present. In general, the 
peripheral text variables seeiaed to have little if any effect. 
There was no evidence that having word length or word shape 
information op the next line had any facilitative effect on 
reading. Thuo there is no evidence that the reader facilitates 
his reading by acquiring either of these two types of infor- 
mation from one line as he reads the line above it. If any 
facilitative inforxaatlon is being acquired, then, it must be 
of a more detailed nature, such as specific letter information 
leading to some form of rudimentary semantic analysis » On 
the other hand, It may be that any difference found between 
reading behavior under the two window sizes is the result of 
some form of interference which takes place when the line 
below f:he one being read does not contain normal text* 

At present, then, although we have some evidence thvnt 
the nature of the stimulus pattern appearing on the line below 
the onebeing read has some Influence on reading, which suggests 
that some form of visual information is being acquired from 
that line during reading, the basis for that effect is not 
at all clear* Thus, this question mist wait for further 
research. 
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aiAPTER 7 



WINDOW EXPERIMENT IV: 
ASYMMETRY OF THE PERCEPTUAL SPAN 



In the experiment to be reported in this chapter, we were 
interested in learning whether readers acquire visual infor- 
mation from a symmetrical region around central vision on 
the line being read» or whether this region tends to be 
asymmetrical. This question is related to recent research 
on the nature of the scanning mechanism in word recognition^ 
Studies by Mishkin and Forgays (1952), Heron (1957), Bryden 
(1960) and others have generally found that words and letter 
strings displayed tachistoscopically are recognized better if 
they are presented to the right of the fij^ation point than if 
they are presented to the left of it* Although there is some 
controversy about the explanation for this result, with some 
possibility that order of report artifacts may be Involved, 
:>till it is generally believed that it is due to a tendency 
for ij^ubjects to be poised ready to begin their scan of the 
word near their fixation region (Neisser, 1967; Wlilte, 1969). 
When the stimulus Is presented to the left of the fixation 
point, the subject must redirect his scan to begin further 
to the left and the time required to do this leaves less time 
for word identification itself • Since the stimuli were pre- 
sented tachistoscopically, this scan is obviously not an eye 
movement, but rather is an inteimal attentional scan. 

If it is true that subjects tend to normally begin their 
scan near central vision, and if this is not simply the result 
of requiring subjects to fixate a point in tachistoscopic 
studies, this would suggest that readers may tend to acquire 
visual information primarily from the right of central vision 
during a fixation. The study to be described here wa/i an 
initial attempt to test this hypothesis. 

The window method was again employed. Three window 
conditions were used in the study. The first was a wide, 
centered window (41 character positions) , presenting texl 
20 character positions to left and right of the fixation 
point during each fixation. The second was a narrower 
window, 25 character positions in width, which was shifted 
8 character positions to the right. This window then extended 
20 character positions to the right of central vision, as the 
first window condition did, but only 4 character positions to 
the left. Thus character positions 5 to 20 to the left of 
central vision, which ware included in the first condition, 
were occupied by the peripheral text pattern in this second 



condition. The third condition involved a 25 character window » 
but this time shifted to the left. This window extended 20 
character positions to the left of central vision as the first 
window dld» but extended only 4 character positions to the 
right. An example of each window is ahown in Figure 15. 

The second and third window conditions, called the Right- 
shifted and Left-shifted conditions » had the same size window, 
and were equally eccentric with respect to the point of fix- 
ation. Thus, one question was whether subjects were capable 
to shifting their attention to base their reading or t 
visual pattern in one region of the retina as well an . \>ther. 
Also, the centered window condition provided a baselin*- "o 
determine the degree to which subjects were hampered lu heir 
reading under the two shif ted-window conditions. 



Method 

Subjects . Three students who had participated in the 
earlier studies served as subjects in this e.xperiment as well. 

Materials . Six passages of approximately 500 words each 
were extracted from the same high school psychology text that 
had been used for the two earlier studies. Each was divided 
iuto six pages foi^ presentation - 

Design . Three window conditions and two peripheral text 
pattern conditions were used in the study. The window con- 
ditions have already been described: a centered 41 character 
position window and two 25 character windows, one shifted 
8 character positions to the right, and one shifted 8 to the 
left. The two peripheral text patterns used were CS and CF, 
both having letters in the original text replaced with letters 
of similar visual appearance (confusable) , with one having 
word spacer* and punctuation remaining (CS) and the other 
having them replaced with a letter (CD. Factorially com- 
bining these variables produced 6 experimental conditions. 

Each subject read all six paasages, a total of 36 pages, 
with 6 pages of text in each experimental condition. Window 
condition remained constant for a subject through all pages 
of a passage, but peripheral text pattern alternated between 
pages. Window condition was counter-balanced over passages. 

Procedure . The procedure was similar to that of previous 
studies. Data for each subject were collected in a single 
session. 
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Results 



Three-way Analyses of Variance were carried out for 13 of 
the dependent variables listed in Table 1« Factors for each 
analysis were window condition, peripheral text pattern, and 
subjects. The main effect due to subjects, and the Subject X 
Window Condition Interaction were significant in every analysis, 
usually at the .CCOl level, and the main effect for window 
condition was significant in three of the analyses at least 
at the .05 level. The peripheral text pattern variable pro-- 
duced no significant main effects nor did it enter into any 
significant interactions. \ 

The general pattern of the data throughout these analyses 
can be susaaarized as follows. For every dependent variable, 
the centered window and right-shifted window conditions 
showed very similar data values. The data for the left-- 
shifted window were almost always deviant from the others. 
This deviance sometimes failed to show up as a main effect 
for window condition, because different subjects reacted 
differently to the left-shifted window. The data for two 
subjects were consistently quite similar* The third had 
much greater difficulty reading under the left-shifted window 
condition, and showed quite a different data pattern altogether, 
with a very large number of regressions, reading time which 
quadrupled as coi^>ared to 24% and 28Z increases for the other 
subjects, and fixation durations which shortened as ccmpared 
to rising for the other subjects. 

Saccade length for forward saccades showed significant 
effects for subjects, window condition and for Subject X 
Window Condition Interaction second and third quartlle data, 
and the main effects were significant for the first quartlle 
data. Figure 16 shows these data plotted separately for 
subjects. 

First, second and third quartlles for the distributions 
of fixation durations all showed significant effects for 
subjects and for the Subject X Window Condition Interaction. 
Figure 17 presents these data. 

Finally, the number of regressive movements per 100 
characters is shown in Figure 18. Again, effects for 
subjects and for the Subject X Window Condition Interaction 
were significant. 
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Fixotion Duration (msec) 
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Figure 18 - Window Experiment IV: Effect of window 
condition on number of regressive eye movements 
for individual subjects. 
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Discussion 



The results of this experiment demonstrate a substantial 
asyianetry in the reader's perceptual span. Removing the 
normal text pattern leftward from a point four character 
positions to the left of central vision produced little or 
no effect on the subjects* reading behavior. Removing 
normal text from a similar region to the right of the fix- 
ation point Bubstantially changed the reading patterns for 
all three subjects » and WiJs particu rly disruptive for one 
subject. It can only be concluded that for these subjects 
reading vas being carried out primarily within the region 
of central vision and the right of It. There was no 
evidence that subjectta acquired useful visual information 
further to the left of their fixation point than 4 charac- 
ter positions. It may be that they did not use visual 
information even that far to the left, but this possibility 
requires further study. It also appears possible that 
skilled readers use visual information from the right 
half of the retina only at certain times, such as on the 
fixation following a return sweep, and that most of the 
tXme reading Is carried out entirely In the left half of 
Che retina. Again, this speculation requires specific 
study, but if so will have implications for the study of 
cortex hemispheric specialization. 
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CHAPTER 8 



BOUNDARY EXPERIMENT: METHOD 



This chapter will describe the last of this series of experi- 
ments conducted in our attempt to identify the region from vhich 
skilled readers acquire visual information. This study was an 
attempt to use another technique to replicate and extend some of 
the findings reported in Chapter 5^ concerning the distance into 
the periphery that word shape and specific letter information are 
acquired during a fixation* The method used was one which mini- 
mized the amount of display change occurring ^ thus reducing the 
likelihood of causing the reader to narrow his range of attention • 
It was also an attempt to produce these display changes during 
the time a saccade was underway » though as explained in Chapter 
3 ^ ^.haracteristic of the equipment and eye sampling rate miade 
it probable that most or all display changes were occurring 
shortly after the saccade ended. Stilly the lag in producing 
the display change was shorter in this study than It had been 
in the window studies- With these changes in the method used, 
it was felt that the results were less likely to be influenced 
by artifacts that msy have influenced the results of the window 
study. 

As indicated earlier, the method used in this experiment, 
called the Boundary Study, involved changing the stimulus pattern 
only once as the subject read a paragraph, and that change was 
limited to the stimulus in a single word location, called the 
Critical Word Location (CWL)* Tliis stimulus change was triggered 
when the eye crossed a boundary set on the line containing the 
CWL* \Jhen this occurred, the stimulus pattern initially dis- 
played in the CWL was replaced by the Base Word, the word which 
was originally written into the paragraph. The Initially dis- 
played stimulus pattenis had certain visual characteristics in 
common with the Base Word in the different conditions. Two 
aspects of the data were examined. First, the durations of the 
fixations prior to the stimulus change were analyzed to deterntlne 
how far from the CWL there was evidence that the subjects* read- 
ing was being disrupted by the presence of a non-word letter 
string in that location. Second, the duration of the first 
fixation following the stimulus change was examined to determine 
under what conditions the subjects noted the stimulus change. 

An example of the display change Is shown in Figure 19. 
Line I shows the sentence as it originally appeared when first 
displayed. The location of the boundary is marked with a JB 
here, although, of course, no such indication was present in 
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I. The robbers guarded the pcluce with their guns. 

1 B 

II. The robbers guarded the palace with their guns. 

B 2 



Key: B - Location of the boundary which triggers a change 
in the display. 

1 - Location of the last fixation prior to crossing 
the boundary. 

2 - Location of the first ftsatlon after crossing 
the boundary. 

Fig. 19. An exaaple of the type of display change which 
occurred in the Boundary Experlsent. 
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the original passage. The last fixation the reader maae prior to 
crossing the boundary is njarked with a 1^ Line II shows the saxne 
line as ft appeared on the next fixation. Here^ the fixation 
point is marked with a 2^^ which is the first fixation after 
crossing the boundary. Since the subject crossed the boundary 
on the preceding saccade, the initially displayed alternative is 
now replaced by the Base Word, palace > 

Method 

Subjects > Ten undergraduate students at the Massachusetts 
Institute of Technology » six ma}e and four female, served aa 
subjects. They were recruited from a subject pool list kept by 
the Department of Psychology and paid $2.00 an hour for their 
services. They were told that the purpose of the study was to 
determine what people look at when they read, and that their 
eye movements would be monitored and recorded by a computer. All 
of the subjects had normal, uncorrected vision. 

Materials . A set of 225 sentences was prepared, with each 
sentence being of the following grammatical form (Ignoring func- 
tion words and auxiliaries): 

(Sentence: Subjecc h Verb + Object + Prepositional Phrase) 

In all cases the surface structure subject corresponded to the 
deep structure subject. In most cases, the subject also took 
the role of an animate agent according to the case grammar notions 
(Fillmore, 1968) and the object was either patient or inatmaent. 
One of the word locations in each sentence was identified as the 
critical word location (CWL) and five alternative words or 
letters strings were prepared which could be inserted into that 
area. For example, if the critical sentence were; 

The robbers guarded the with their guns* 

the first alternative was to have the original word, called the 
Base Word, in the CWL. In this example the Base Word was palace > 
Since this alternative was a word, and was identical to the Rase 
Word, this condition was called W-Ident . The second alternative 
was another word (police) which fit into the sentence both 
semantlcally and syntactically, and which began and e4ided with 
the same letters and maintained the basic external word shape 
of the Base Word. This condition was called W-SL since it was 
a word (W), and both word shape (S) and extreine letters (L) were 
identical to the Base Word. In the remaining three conditions, 
the alternatives were all non-word (N) letter strings which bore 
certain graphic similarities to the Base Word. In the N-SL 
condition the alternative (pcluce) maintained both extreme 
letters and word shape. Word shape was preserved by substituting 



101 



letters that were visually confusable for certain letters in the 
' -SL alternative. The W-Ident and the W-SL alternatives were 
compared and all of the letters that were common in the two W 
alternatives were left untouched in the N-SL alternative. Every 
letter that differed in the W alternatives was replaced, in the 
N-SL , by a letter that was visually confusable with the letter 
in the W-SL alternative. In addition, ascenders were always 
replaced by ascenders and descenders by descenders. For the 
N-L condition^ the alternative (pyctce) was formed by replacing 
every letter, except the extreme letters that were common to 
both W alternatives, with letters that are not visually con- 
fus*^ble and did not share prominent distinctive features. For 
example, a descender was replaced by an ascender or a letter 
that did not extend below the line^ Thus, the shape of the 
Base Word was destroyed in the N-L condition but the extreme 
letters remained the same. In the final coudition, N-S , the 
alternative (qcluec) was formed by comparing the W-Ident and 
W-3L alternatives • Any letter in the middle of the word that 
was tne same in both W alternatives was left the same, but every 
other letter was replaced with a letter that was visually con- 
fusable with its corresponding letter in the W-SL . Therefore, 
in this condition the word shape: was maintained but the extre'Jie 
letters were changed. The confusable letters were determined 
from a confusability matrix and grouping (Bouma, 1972) . The 
sentences were so constructed that the original words in the 
CWL^s were equally often 5, 6, and 7 letter words, and served 
as subject, verb, and object in their r.<*spective sentences 
equally often. Table 5 shows one example of each type of 
Base Word and the other four initially displayed alternatives. 
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Each of the 225 sentences was embedded into a short para- 
graph by writing two or three other sentences which could serve 
as a reasonable context for it when either of the W alternatives 
occurred at the CWL. All paragraphs were about 35 words in 
length, requiring 3 lines, and the CWL occurred equally often 
in the first, second, or third line of the paragraph. In order 
to control for one of the two W alternatives being more pre- 
dictable than the other, for most W alternative pairs two para- 
graphs were written in which both words could reasonably fit. 
Then the selection of which word to use as the Base Word, and 
hence as the W-Ident alternative, for each paragraph was made 
randomly. Where a single passage was written for a W alter- 
native pair, the choice as to which word would function as the 
W-Ident was also made randomly. 

For each block of 15 paragraphs, a test was constructed 
consisting of a set of 12 sentences. Of the 12 sentences, 6 
were actually taken from the paragraphs that the subject ha^. 
just read. Of those, 2 were sentences that the OTL had ap:)eared 
in and the other 4 were non-CWL sentences* The 6 dlotractor 
sentences included 3 sentences that had no relationship to any 
of the paragraphs read and 3 sentences that were taken from 
other blocks of 15 paragraphs that the Subject had either pre- 
viously read or would read. With these latter types of 
sentences, the sentences containing the CWL were never used* 
Also, a few words in each cf these latter s.;ntences were changed 
so that they were not identical to the original* There were 
always three blocks of 15 paragraphs each between the location 
of a sentence in the presentation sequence and where a modifi- 
cation of it appeared in a test as a distractor sentence* On 
this test, subjects were asked to identify which sentences had 
been taken from the block of paragraphs they just read* 

Procedure. The paragraphs were presented to the subjects 
one at a time, triple spaced, on the cathode-ray tube. The 
subject's eyes were monitored using the EYETRACK D routine 
described in Chapter 3* This routine allowed the experimenter 
to provide the computer with a list of bouaidary locations and 
initially-displayed alternatives to be used for successive 
paragraphs, and it then took the reader through the experi- 
mental sequence, first presenting the calibration task, then 
presenting the paragraphs one at a time while recording eye 
behavior, and making the stimulus change at the appropriate 
time for each paragraph. After reading a block of 15 paragraphs, 
the subject came off from the bite bar and was given a sheet of 
containing the list of test sentences for that block. He was 
asked to mark the sentences which were taken from that block 
of paragraphs. 

The eyetracklng equipment was adjusted for each subject, 
he was given the opportunity to read two or three passages in 
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the equipment, and he then read fifteen blocks of fifteen para- 
graphs each within a single session lasting about two hours. 

Design , The Independent variables in this study were of 
tuo categories, CWL word t:ypes and experimental conditions. 
There were two word type variables, word length (5, 6 or 7 
letters) and part of jpee^h (subject, verb or object). There 
were also two experimental condition variables: CWL alter- 
natives ( W-Ident , W-SL , N-SL, N-L , or N-S) and boundary 
locations. Five boundary locations were used: (1) 9 charac-- 
ter positions to the left of the 1st letter of the CWL, 
(2) 6 character positions to the left of the CWL, (3) 3 charac- 
ter positions to the left of the CWL, (4) directly on the 1st 
letter of the Grt , and (5) on the 4th letter of the CWL. 

The paragraphs were presented in the same order to all 
subjects and the word type variables were nested in paragraphs. 
That is, the Base Word in the CWL in each paragraph was of a 
certain length and part of speech. Thus, these variables were 
confounded with presentacion sequence and paragraphs t For the 
order of presentation, a paragraph sequence was viewed as being 
in blocks of 9 paragraphs. Within each successive block of 
9 paragraphs, all word type combinations were represented and 
sequenced in a random order. 

For the experimental conditions, 5 condition orders were 
constructed. Since there were 5 possible locations and 5 CWL 
alternatives, the factorial combination of these meant that 
the Cl^L in each paragraph could be presented in any of 25 
possible conditions. For each paragraph, five of the 25 
possible presentation conditions were selected in the following 
manner • The sequence of 225 paragraphs were considered to be 
grouped into blocks of 5 successive paragraphs each. The 5 
conditions for a particular paragraph to be tested u^^^er were 
selected by using a series of 5 X 5 Greco-Latin squares. Five 
successive paragraphs were assigned to the rows of a particular 
square. The first digit in the number contained in each cell 
of the square identified a CWL altemarlve; the second iden- 
tified a boundary location. The five cells in a row indicated 
the 5 experimental conditions which a particular paragraph 
would be tested under. The five columns identified five experi- 
mental cordition sequences for those five paragraphs. Com- 
bining this information for all paragraphs produced 5 experi-* 
mental condition sequences to be used in the experiment* The 
sequences had the property that each paragraph was tested under 
each value of each of the two experimental variables, CWL 
alternative and boundary location, though not in all combi- 
nations of these. However, within each block of 5 paragraphs, 
one of the paragraphs was tested under each of the 25 experi- 
mental conditions. Since there were 10 subjects, each of the 
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five experimantal condition sequences was used for two subjects. 

For the actual presentation sequence, the paragraphs were 
grouped into bloclts of 15. Thus» a block of 15 paragraphs 
contained all nine word type combinations at least once, with 
six of the combinations occurring twice. 

Over the 15 blocks of 15 paragraphs, each subject was 
tested equally often with each of the word types and under each 
of the experimental conditions. Each of the 25 experimental 
conditions occurred nine times for each subject, and each of 
the nine word type conditions occurred 25 times. 
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CHAPTER 9 



BOUNDARY EXPERIMENT: RESULTS 



Thi3 chapter will present the results of the Boundary Study* 
The chapter is divided into six sections. The first section 
presents a general overvlev of the major dependent variables in 
the study. The second section deals with the amount of visual 
attention that the subjects allocated to different areas of the 
line containing the CWL. The third section Investigates whether 
actually seeing the display change take place may have Influenced 
the results. The fourth section presents the main results of 
the experiment » having to do with the effects of the graphical 
changes on reading behavior* The final two sections deal with 
the effect on reading behavior of the part of the speech of the 
Base Word In the CWL and the number of letters in the CHL. 



Overview of the Dependent Variables 

In this study it was expected that the alternative letter 
strings appearing initially in the CWL would produce some fcrm 
of disruption of the normal reading pattern « There were two 
types of disruption anticipated* The first involved no change 
in the display* It was assumed that if the reader encountered 
a non-word letter string In his reading this would lead to a 
disruption in the normal cog^tlve processes , probably m/^rked 
by an inflated fixation duration as the unsuccessful attemt^t 
was made to match the visual pattern to a semantic interpreta- 
tion* The question for study was how far from the CWL this 
disruption of the eye behavior pattern would be noted; that is» 
how close must the fixation be to the CWL before a fixation 
duration difference wuld be noted between those instances when 
a non^-word occupied the CWL and when a word occupied that 
location. Thls» then» would indicate how far into the periphery 
the readers detected the difference between a word and a non- 
word » which would indicate how far from central vision they 
vere making a semantic Interpretation of the visual pattern* 

The second type of disruption that was expected was that re- 
sulting from a change in the visual display* As indicated in 
Chapter 2, it was assumed that subjects integrate the visual In- 
formation from successive fixations into a single visual Image ^ 
and that certain aspects of that image are then extracted for use 
in identifying the meaning of the text. This led to the assump- 
tion that if a subject acquired certain visual features from a 
certain word location on one fixation^ and then on the next fix- 
ation the stimulus pattern in that location bad been changed so 
the features he had previously obtained were contradicted by the 
features of the new pattern » this would lead to a reacalyals of 
the stimulus pattern in that region which would likely result in 
an Inflated fixation duration* It was also thought that it might 
lead to regressive eye movements on later fixations as well* 
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On the other band, if the visual features he had acquired on 
the first fixation were consistent vith the new visual pattern 
following the stimulus change, the change would not be detected, 
and hence it would have no effect on the eye movement pattern. 
Given these assumptions, the task became one of examining the 
fixation durations of the fixations which occurred immediately 
after the stimulus change was made to determine under what con- 
ditions there was evidence of such a disruption; that is, under 
what conditions did a stimulus change result in a longer fixation 
duration than did no stimulus change. For the present study 
these "conditions" included the type of stimulus change made, 
and the distance of the previous fixation from the CWLs, the lo- 
cation of the stimulus change. 

Thus, the analysis of the data focused primarily on the 
duration of tha fixation Just prior to the display change, and 
that just after the display change, plus the regressions which 
occurred on later fixations. 

Before turning to these analyses, two questions will be 
considered. Generally within what range aro\ind the CWL did 
the readers tend to show increased fixation durations? And, 
is there evidence that the subjects were seeing the stitjulus 
changes themselves take place, and that this was producing cer- 
tain features of our data? 



Fixation Durations for Fixations at Different Distances from the 
CWL 



The first taf'c was to obtain some general information con- 
cerning the size of the region around the CWL in which reading 
disruptions were taking place as a result of the variables in 
the study. To do this every fixation which occurred betweeit 18 
character positions to the left of the CWL, and 20 character 
positions to the right of the first letter of the CWL were iden- 
tified and categorized as to location and to the type of pattern 
initially displayed in the CWL. Thus, boundary location was 
ignored. To categorize by location, the area of interest was 
divided into 13 regions of 3 character positions each, and each 
fixation was classed according to the region it fell in. With 
5 CWL alternatives and 13 regions, there were 65 fixation cate- 
gories. For each subject, the durations of all fixations in 
each category were obtained, and a mean fixation for each cate- 
gory obtained. Corresponding means for the 10 subjects were 
then averaged to yield an average fixation duration for the 
entire group for each category. These average values are 
plotted in Figure 20. With the W-Ident condition, in which no 
display change took place, serving as a baseline » it appears 
that the other CWL alternatives did have the effect of in- 
flating fixation durations as expected. It also generally appears 
that the effects of these visual patterns and display changes 
was Halted primarily to the region immediately around the CWL. 
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Mean Fixation Duration (msec) 
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The Effect of Perceived Stimulus Change 



The Increased fixation durations may have been due to any 
of three causes: the effect of encountering a non-word letter 
string, the effect of a change in the stimulus display from one 
fixation to the next, or the effect of observing a display change 
take place directly. The latter cause would be considered an 
artifact in the experiment, since it was hoped that the display 
changes would take place early enough that subjects would not 
be able to directly observe theo. Therefore, It vas thought 
prudent to attempt to determine whether perceived movement 
might be having an effect on the data. 

The first test made was to determine whether the number of 
letters that changed in the CWL when the display change was 
made affected the fixation duration. If the subjects actually 
saw the display change take place, a logical assumption would be 
that if more letters in the CWL were changed more disruption 
would be produced, yielding a longer fixation. The CWL ini- 
tially-displayed alternatives were classed in seven categories 
according to the number of letters which were different between 
them and the corresponding Base Words. Category 1 contained 
Instances of no difference, the W-Ident alternatives. In 
Category 2, 16-20% of the letters were different; in Category 3, 
29-331; category 4, 40-43Z; category 5, 50-602; category 6, 
67-86%; and category 7, 100%. All CWL alternatives in category 
7 were N-S itematives. 

The data analyzed included only the fi;st fixation after a 
display change occurred, and then only if the fixation were 
centered on the CWL. Each of these fixations were categorized 
according to the category of the Initially-displayed alterna- 
tive which had existed. It was also categorized according to 
the location of the prior fixation, whether 1-3, 4-6, 7-9, 10- 
12 or 13-15 character positions prior to the CWL. Inis yielded 
a five (prior fixation location) by seven (category of CWL 
alternative) category scheme. For each subject, a mean fix- 
ation duration was obtained for all fixations in each of these 
categories, thus yielding 35 mean fixation durations. These 
means were then analyzed with a 3-way Analysis of Variance ♦ 
with factors being category of CWL alternative, location of 
prior fixation, and subjects. Main effects and Interactions 
involving the subject variable could not be tested. There was 
a significant effect for the location of prior fixation, which 
will be discussed in a later section. However, of primary in- 
terest here Is the fact that category of CWL alternatives (hence 
number of letters that had been changed from one fixation to 
the next) did not have a significant effect (F - 1.498, 
p<.20, 6 & 54 df) nor did it Interact with the location of 
the prior fixation (F - 1.204, p<.24, 24 & 216 df). Thus, 
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there is no evidence that the number of letters changed had 
any effect on these data. 

A second attempt to determine whether subjects might have 
seen the display change take place actually aimed at finding 
out whether the amount of lag in making the display change after 
the eye came to rest had any effect on the data. This was done 
by identifying all instances in which the subject fixated one 
particular three-character-position region prior to the display 
change, then fixated another particular region on the fixation 
following the change. These two regions were so selected that 
two boundary locations lay between them. Thus, for some of 
the instances the display change was triggered by crossing a 
boundary which occurred early in the saccade, and for others 
the change was triggered by crossing a boundary late in the 
saccade. Therefore, for the former instances the display 
change occurred earlier than for the latter. The data for 
these two conditions were examined to see whether this time 
difference produced a difference in fixation durations for 
the fixation Immediately after the display change was made. 

To carry out this analysis, all Instances were identified 
in which the fixation Just prior to the display change was 
located 6 to 9 character positions left of the CWL, aad the 
fixation after the change was on the 2nd letter of the CVfL. 
These were divided into those Instances when th2 boundary was 
set three character positions prior to the CWL and those where 
It was set on the first character position of the CWL. A mean 
fixation duration score for each of these two instai ':e8 was 
calculated for each subject. A t-test indicated that there 
was no significant difference between the fixation durations 
under the two conditions (t - 1.19, 9 df). Saccades launched 
from the area 10-12 character positions prior to the CWL and 
landing in the same region were also divided into those in- 
stances where the boundary was set at the same two locations. 
Assaln a t-test of the mean fixation durations failed to indi- 
cate a significant difference (t - 1.52, 9 df). The same 
procedure was repeated for saccades beginning in the same 
two regions, but the fixation following the display change 
being either on the 2nd or 3rd character positions in the CWL, 
thus increasing the number of fixation durations in the data. 
Again the t-tests were not significant. These comparisons 
involved 40 pairs of mean fixation durations for individual- 
subjects. For half of them, the fixation duration was larger 
when the boundary was located three character positions left 
of the CWL, and for the other half the fixation duration was 
larger when the boundary was located on the first letter of 
the CWL. Thus, there was no evidence that the added delay 
in the display change produced by having the boundary just 
prior to the fixation location, rather than earlier in the 

111 



saccade, caused any increase in the fixation durations. 

Although these two tests are not adequate to rule out all 
possibility that subjects aay have seen the display changes take 
place at tiioes, and that this may have influenced the data, 
they do provide some evidence that the data were not being 
affected by such artifacts. 

Effects of the CW L Stimulus Pattern and of the Display Change 

This section will review the data of greatest interest, 
that which bears on the question of the size of the perceptual 
span. The three major dependent variables were duration of the 
last fixation prior to the stimulus change, duration of the first 
fixation after the change, and the number of regressions into 
the CWL. 

Duration of the Fixation Prior to the Display Change . The 
durations of fixations immediately prior to the display change 
were examined to find out how far from the CWL there was evi- 
dence that the subject was detecting the presence of a non-word 
letter string in his peripheral vision. These fixations were 
categorized according to their location and according to the 
type of initially-displayed alternative present in the CWL. 
There were seven location categories: the first three character 
positions In the CWL, and 1-3, A-6, 7-9, 10-12, 13-15 and 16-18 
character positions to the left of the CWL. The five CWL alter- 
native categories have been described earlier. Factorially 
combining these produced 35 categories. For each subject a mean 
fixation duration was calculated for the fixations in each 
category, and then the data for all subjects wei i averaged for 
each category. These averages are shown in Figure 21, which 
indicates the mean fixation duration for the fixations at 
different locations when different stimulus alternatives were 
present in the CWL. A one-way Analysis of Variance was carried 
out at each fixation location to determine whether the stimulus 
pattern in the CWL influenced the mean fixation durations in 
that region. Only two of these analyses found a significant 
effect: fixations 1-3 character positions prior to the CWL 
(F - 2.62, p<.05, 4 & 45 df) and fixations on the first three 
letters of the CWL itself (F - 4.69, p< .01, 4 & 45 df ) . 
Newman-Keuls tests (Winer, 1962) at each of these points in- 
dicated that non-word letter strings produced longer fixation 
durations than words, with no differences found within each 
of these groups. 
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Fixation Duration (msec) 
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A more detailed analysis of the same type was carried out, 
this time with fixations being categorized as being 3-4, 
or 5-6 character positions to the left of the CWL. Thus smaller 
location categories were used. Then t--tests were used to see 
if there was a significant difference between fixation durations 
when T ords and non-words occupied the CVTL. The differences 
were significant for the 1-2 location (t - 2.78, p<: -05, 9 df ) , 
and the 3-4 location (t » 2.73, p<: .05, 9 df), but not for the 
5-^6 location (t * .24). 

Thus the data provided no evidence that the subjects were 
recognizing that a particular letter string was not a word 
when they fixated laore than 3 or 4 character positions to the 
left of the beginning of the string • 

Duration of the fixation after the display change . The 
durations of the fixations which occurred immediately after the 
display change were analyzed to learn how far into the periphery 
certain visual characteristics were picked up from the CWL by 
the subjects • The data used for this analysis included the 
durations of all fixations which occurred Immediately after 
the eye had crossed the boundary and which were located on the 
CWL, including the spaces to right and left. 

First, these data were examined to determine whether the 
fixation duration was different if the fixation was directed 
toward the first or last half of the CWL^ Fixations were 
categorized according to whether they were directed toward the 
first or last half of the CK)^, and according to the type of 
initially-displayed alternative which had occurred at the CWL* 
Thus two locations and five CWL alternatives produced 10 cate- 
gories. For each subject a mean fixation duration was computed 
for the fixations In each category. Then t-tests for correlated 
data were used to test for a difference In fixation duration 
for fixations landing on the first and last half of the CWL 
when each of the CWL alternatives occurred, and for the data 
collapsed over the CWL alternatives • The t values which re- 
sulted ranged from .10 to 1.00, none being significant. Thus 
it was concluded that where the fixation was located within the 
CWL region had no effect on its duration and that the data 
could be collapsed over this variable. 

Next, these data were analyzed to determine how far from 
the CWL the subjects were picking up certain visual infor- 
mation from that region, particularly word shape and specific 
letter information, for this analysis, the fixatione which 
occurred immediately after crossing the boundary and which were 
located on the CWL were categorized according to the location 
of the prior fixation, and according to the type of alternative 
which had previously been displayed in the CWL. Five prior 
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fixation locations were used: 1-3, 4-6, 7-9, 10-12, and 13-15 
ch. '-acter positions prior to the CWL. Very few fixations 
occurred at greater distances from the CWL which were followed 
immediately by a fixation on the QJL, so these data were ignored* 
The five initially displayed alternatives have previously been 
described. The factorial combination of five prior fixation 
locations and five CWL alternatives yielded 25 categories. 
For each subject, a mean fixation duration was calculated for 
each category. These data are summarized in Figure 22. They 
were analyzed by a three-way Analysis of Variance, with factors 
being prior fixation location, CWL alternative, and subjects. 
Significant main effects were found for both CWL alternative 
(F « 9.80, p< .0001, 4 & 36 df) and for prior fixation location 
(F - 7.907, p<; .0002, 4 & 36 df). It was not possible to test 
main effects or interactions involving subjects. The CWL 
Alternative X Prior Fixation Location Interaction was not sig- 
nificant (F « 1.397, p<.16, 16 & 144 df). However, further 
investigation of this interaction was carried out. This w&s 
justified on two bases. First, we had previously plaxmed to 
make comparisons among CWL alternatives for data in each prior 
fixation location category. Second, it was felt that the test 
for an interaction was a weak test for the data pattern we had 
anticipated. In fact, the data showed exactly the pattern 
anticipated, with no differences among the CWL alternative 
conditions when the prior fixation wa-r farthest from the CWL, 
and with the data for the other CWL alternatives rising above 
the data for the W-Ident condition when the prior fixation was 
closer to the CWL. We had not, of course, anticipated exf^tly 
where the data for other conditions would begin to rise above 
the W-Ident condition* However, in these other respects, the 
data pattern was exactly as had been expected. Had we been 
able to test for this exact interaction pattern, rather than 
simply for a general interaction, the interaction would have 
been highly significant statistically » On these bases, then, 
further analyses were carried out. 

The fixation duration data for each prior location fixation 
category were tested with a Newman-Keuls test (Winer > 1962). 
to determine if there were significant differences among the 
durations produced by the different CWL alternatives. The 
results of these tests are shown in Table 6, where means 
adjacent to the same verticaJ line were those which the 
tests indicated did not differ significantly. 
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Figure 22 - Boundary Experiment: Mean durations of fixations 
falling on the CWL immediately after crossing the boundary 
as a function of the location of the prior fixation and 
of the initially displayed CWL alternative. 
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The taeai^ fixation duration was not influenced by the dif- 
ferent CWL alternatives when the previous fixation was 13-15 
character positions !rom the CWL. Thus, there is no evidence 
that the subjects detected the change in the stimulus under 
these conditions, which Is to say that there is no evidence 
that they acquired cither word shape or specific letter infor- 
mation from the CWL when their eye was over 12 character 
positions to the left of that location. 

When the prior fixation was 10-12 or 7-9 character positions 
from the CWL, the N-S and N-L alternatives led to significantly 
longer fixation durations than did the W-Ident alternative. 
Since no stimulus change took place with the W-Ident alter- 
native. It serves as a baseline to judge the effect of the 
other alternatives against. Thus, it appears that when subjects 
were fixating between 7 and 12 character positions from the CWL, 
they acquired visual information both concerning the general 
word shape and conceiming the first and last letters of the 
letter string In the CWL. Changing either of these caused an 
Inflation in the fixation duration on the next fixation. How- 
ever, neither the N-SL nor the W-SL alternative produced a 
significantly increased fixation duration in this region as 
compared with the W-Ident alternative. Thus, when both word 
shape and first and last letters were the same as those of the 
Base Word, the changing of internal letters failed to produce a 
significant increase In the fixation duration. Thus, the data 
failed to provide evidence that the subjects were acquiring 
visual information concerning specific letters within the word, 
other than their word shape properties, when they fixated more 
than 6 character positions from the CWL. However, this con- 
clusion must ba subject to further study since the fixation 
durations produced by the N-SL and W-SL alternatives were some- 
what greater than those under the W-Ident alternative with both 
of these prior fixation location conditions. The difference 
was not statistically significant, however. It should also be 
noted when the prior fixation was 7 to 12 character positions 
to the left of the CWL there was no difference In fixation 
durations between the N-SL and W-SL conditions; there is no 
evidence here that subjects were distinguishing between words 
and non-word letter strings. 

It Is notable that when the prior fixation was 4-6 charac- 
ter positions prior to the CWL, the N-SL alternative produced 
a significantly longer fixation duration than the W-SL alter- 
native, and both were longer than those produced by the W-Ident 
alternative. Thus, it appears that when the eye was within 
6 character positions to the left of the CWL, information 
concerning internal letters In the word was being detected, 
and the subjects were distinguishing between whether the pattern 
In the CWL was a word or a non-word. This is taken as evidence 
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that the subjects attempted to make a semantic interpretation of 
words beginning within six character positions to the right of 
their point of fixation. This conclusion is similar to that 
reached in the last section, where there was no evidence that 
the readers distinguished between words and non--word letter 
strings lying more than four character positions to the right 
of their point of fixation. 

A final interesting characteristic of the data pattern was 
that when the prior fixation was Just 1-3 character positions 
prior to the CWL, there was no difference in fixation durations 
for W-Ident and W-^SL alternatives. It had baen expected that 
the most disruptive situation to reading might be to have one 
word in the CWL, to have the reader fixate close enough to it 
to obtain a semantic interpretation of it, and then to have 
that word be changed to a different word for the next fixation. 
As it turned out, this was the condition which produced the 
least disruption, even though the second fixation was directly 
on the CWL itself. The most reasonable explanation of this 
data pattern seems to be that if the reader succeeded in making 
a semantic identification of the word in a certain location on 
one fixation, the visual characteristics of that region of 
text were completely ignored on the next fixation as he con- 
tinued his reading beyond that point. Surprisingly, this 
appeared to be so even if the region of change was in central 
vision on the fixation after the change occurred. This tenta- 
tive conclusion needs further investigation, of course, but if 
it proves to be correct will be important in understanding how 
the reader takes information from the visual representation 
of the text for use in his reading processes. 

In conclusion, these data suggest that neither word shape 
nor specific letter information was being acquired by the sub- 
jects from words beginning more than 12 character positions to 
the right of the fixation point. Visual characteristics of 
internal lettets in a word appeared to be acquired for words 
beginning no more than 6 character positions to the right of 
the fixation point. There was no evidence that a semantic 
interpretation was being made for words beginning more than 6 
character positions to the right of the fixation point. 
Finally, it was suggested that once a word had been identified, 
no further visual information was taken from that region of 
text, even if the stitaulus in that region was changed for the 
next fixation and the fixation was directly on that region. 

Regressions ^ Several types of analyses were carried out 
on regressions which brought the eye back into the regions of 
the CWL. For the most part, these were quite uninf ormative. 
There was some evidence that if the boundary was set at the 
first or fourth letter of the CWL itself, thus providing the 
reader with the opportunity to fully see the CWL alternative 
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prior to crossing the boundary, there were more regressions into 
the CWL if the CWL alternative was a non-word than if it was a 
word. The average number of regressions per subjects into the 
CWL under these conditions, out of a possible 18, were as 
follows: W-Ident, 2.90; W-SL. 2.65; N-SL. 4.05; N-L, 4.05; 
N-S, 4.10. The durations of these fixations was not affected 
by the O^L alternative. Again it should be noted that when the 
change produced was from one word to another word, and the eye 
was close enough to the CWL on the fixation prior to the change 
to permit making a semantic interpretation of the word initially 
appearing in the CWL, there was no evidence that the change to 
a new word was even detected. That is, there were no more re- 
gressions back to the CWL when the initially displayed alter- 
native was a W-SL than when it was a W-Ident. 



The Effect of Grammatical Category of the CWL 

Several analyses were carried out to determine whether the 
grammatical category of the Base Word in the CWL had any effect 
on how far into the periphery information from that region was 
acquired. 

D uration of the fixation prior to the display change . Fix- 
ations immediately preceding the display change were categorized 
according to location ^ (first three character positions of the 
CWl., or 1-3, 4-6, 7-9, 10-12 or 13-15 character positions prior 
to the CWL), grammatical category of the CWL (subject, verb or 
object) and whether the CWL contained a word or non-word. This 
yielded a 6 X 3 X 2 category system, for a total of 36 cate- 
gories. For each subject a mean fixation duration was calcu- 
lated for each category. These data were then combined across 
subjects to yield a single mean fixation duration for each 
category. The results are shown in Figure 23. A three-way 
Analysis of Variance was carried out for the data for fixations 
occurring in each of the six regions separately. Factors in 
each analysis were graromatical category, word vs. non-word, 
and subjects. For fixations located 1-3 character positions 
from the CWL, significant effects for grammatical category and 
for the Grammatical Category X Word vs. Non-word Interaction 
indicated that a non-word in the CWL inflated the fixation 
durations when the CWL occupied the position of verb or object, 
but not when it occupied the position of the subject. No 
significant effects were found when the eye was further from 
the CWL. When the fixation was directly on one of the first 
three letters of the CWL, fixation durations were greater for 
non-words than for words, regardless of the gr amma tical cate- 
gory. Thus, there was evidence that the distinction between 
words and non-words was made when the eye was further from the 
verb or object than from the subject. Apparently this distinction 
was not made for the subject unless it was being directly fix- 
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ated. An interpretation of this finding will be delayed until 
the next section* 

Duration of the fixation after the display change . An 
analysis of the data on the duration of fixations imnediately 
after the display change also provided evidence that visual 
information from the CWL was being acquired less far into the 
periphery when the OfL occupied the position as subject of the 
sentence. For this analysis » the only data used were from the 
fixation immediately after the display change occurred, and 
then only if a non-word had initially occurred in the CWL and 
if the fixation after the display change was on the CWL. 
These fixations were categorized according to the location of 
the prior fixation (1-3 » 4-6, 7-^9, 10-12 or 13-15 character 
positions prior to the CWL) and according to the grammatlc:il 
category occupied by the CWL (subject, verb or object). For 
each subject a mean fixation duration was calculated for each 
of the resulting 15 categories. These means were then entered 
into a three-way Analysis of Variance, with factors being 
prior fixation location » grammatical category, and subjects. 
The two testable main effects were significant, the effects due 
to location of prior fixation (F « 2.88, p< .05, 4 & 36 df) 
and to grammatical category of the CWL (F • 3.55, p< .05, 2 & 
18 df ) . The interaction between these variables was not signifi- 
cant (F - 1.37, p<»22, 8 & 72 df). Mean fixation durations 
according to grammatical category were as follows: subject, 
236 msec; verb, 264 msec; object, 260 msec The display 
change caused less inflation of fixation durations when the 
CWL served as subject of the sentence than when it served as 
verb or object. These data are shown in Figure 24. Here it 
can be seen that, in agreement with the date presented in the 
last section, when the reader fixated just left of the CWL, he 
was less likely to acquire visual information from the CWL 
region when it served th^ function of subject than when it 
served as verb or object. Interestingly, this was not true 
when he fixated further to the left of the CWL, between 7 and 
12 character positions. This difference only occurred when the 
eye was within 6 character positions of that location. 

In carrying out this analysis it was also noticed that 
there were substantial differences in the number of fixations 
found in the various categories used. These data are shown 
in Figure 25. When the CWL was in the subject location, there 
were fewer than normal fixations in the region 1--6 character 
positions to the left of the CWL. When the CWL was in the 
verb location, there were fewer than normal fixations in the 
region 10-15 character positions prior to the CWL. A three- 
way Analysis of Variance on the number of fixations occurring 
in each category yielded a significant Graimaatical Category X 
Prior Location Interaction (F * 11.54, p<e0001, 8 & 72 df). 
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Figure 2k - Boundary Experiment: Mean durations 
of fixations falling on the CWL Immediately 
after crossing the boundary as a function of 
grammatical category of the CWL and of the lo- 
cation of the prior fixation, when '"the initially 
displayed CWL alternative was a non-word letter 
string. 
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The same pattern was present in the W-Ident and W-SL data. 

The basis of this data pattern can be seen in Figure 26 » 
which shows the number of fixations occurring at each region 
of the sentence when the GifL occupied the position as subject ^ 
as verb and as object. This figure also showr the durations 
of fixations at each area of the sentence under the same 
conditions » The hatched lines between the two bar graphs 
indicate the three sets of five regions from which fixations 
were considered, depending on whether the CWL occupied the 
position of subject » verb or object. The bars are coded accord- 
ing to whether the data caiae from conditions when the CWL was 
subject y verb or object. Bars with lines sloping down to the 
right indicate data from paragraphs in which the CWL served 
as subject; bars with no lines indicate data from paragraphs 
in which the CWL served as verb; and bars with lines sloping 
up to the right indicate data from paragraphs in which the 
CWL served as object. Froia this figure it can be seen that 
the differences observed in number of fixations in different 
categories 9 shown in Figure 25^ was due to a general tendency 
for subjects to make fewer fixations in the region occuploi by 
the terminal character and period from the prior sentence^ the 
spaces between the sentences^ and the article at the beginning 
of the sentence containing the CWL. It can also be seen that 
when the subject did fixate in that region » the duration of 
his fixation tended to be substantially shorter than usual. 

Thust it appears that subjects tend to avoid fixating the 
region between sentences^ and that when they do fixate there » 
their fixations tend to be shorter than normal. It also 
appears that when they fixate in this region, they tend not 
to acquire visual information from words as far into the 
periphery a;5 they do at other regions in the sentence. This 
seems to account for the data patterns reported in this section. 
There seems to be no other effect specifically due to grammat- 
ical category itself, either on fixation durations or on the 
size of the perceptual span. 

One final feature of the data which was noted was a 
tendency for subjects to fixate the left and right half of 
the CWL equally frequently when it served the function of 
subject, but for the left half to receive more fixations 
when it served as verb or object. These data are shown in 
Figure 27, which indicates that for verb and object nearly 
75Z of all fixations oxi the CWL were on the left half of the 
word. A three-way Analysis of Variance (3 grammatical cate- 
gories X 2 fixation locations x 10 subjects) found significant 
effects for fixation location (F • 20.53, p<.002, 1 & 9 df) 
and for the Fixatioii Location X Grammatical Category Interaction 
(F « 20.29, p< .001, 2 & 18 df). This may reflect a tendency 
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for fixations to be more accurately located on the verb or object 
than oa the subject in sentences of the syntactic construction 
used here» since saccades coming to the subject region origi- 
nated either some distance from their target (at some location 
in the previous sentence) or from a nearer region (between the 
sentences) a^ which they tended not to acquire peripheral 
visual info^nnation*. 

It is of interest that when the reader fixated in the region 
1-6 character positions prior to the subject porltion he failed 
to obtain peripheral visual information* This suggests that 
fixations made in the region between sentences play a special 
function. There are two possible explanations of the type of 
cognitive processes that might be occurring during these fix- 
ations » each of which would be harmonious with the notion that 
they are not used primarily for obtaining additional visual in- 
formation for reading. The first possibility is that^ as 
V^odvorth (1938) has suggested » the understanding of the text 
lags somewhat behind the visual impressions. This may make it 
necessary occasionally to pause for an extra fixation at the 
end of a sentence to permit processing of the information ob- 
tained to be complete. The purpose of this fixation » then, 
would not be for visual inputs which may account for its reduced 
duration. 

A second possible explanation is that there is a certain 
amount of inaccuracy in the guidance of eye movements. Readers 
are capable of identifying regions in the text where there are 
no letters and are generally able to avoid them^ as shown by 
Abrams and Zuber (1972). These investigators presented sub- 
jects with text modified to have a series of blank regions 
between words at random locations* They found that subjects 
made few fixations within these blank regions* Thus» it would 
seem likely that subjects Identify the region between sentences > 
containing a punctuation mark and two spaces^ and attempt to 
avoid locating fixations in these regions. However, oculomotor 
control is not con^lete, and the eye may inadvertently fall on 
this region. When this occurs, the reader quickly recognizes 
that he is fixating a region of little visual Information, and 
the next saccade is initiated. Thus, the fixation is shorter 
than normal and the subject does no processing of peripheral 
visual Information. 

Which of these possibilities accurately account for the 
type of cognitive processing taking place during fixations be--^ 
tween sentences must be the subject of additional research* 

Re gressions . Neither the number of regressions into the 
nor the duration of fixations in these regressions was 
influenced by the grammatical category of the CWL. 
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Effect of Word Length of the CWL 



Since the O^L was either 5, 6 or 7 letters in length, the 
data were analyzed to learn whether the length of the CWL had 
any effect on the dependent variables. Several Analyses of 
Variance found no significant effects of word length on the 
duration of fixations prior to the stimulus change or on the 
number of regressions or the duration of fixations in those 
regressions, however > the length of the CWL did have an in-- 
fluence on the duration of fixations inanediately following the 
display change. For this analysis only the first fixation 
after the display change occurred was considered, and then 
only if it fell on the CWL and if the CWL had previously con- 
tained a non-word letter string. The fixations were cate- 
gorized according to the location of the prior fixation and 
the length of the CWL. With five prior fixation locations 
and three word lengths there were a total of 15 categories. 
A mean fixation duration was calculated for each category for 
each subject » and then from these means a mean fixation dura- 
tion was calculated for each category across subjects^ These 
data are shown in Figure 28. A three-way Analysis of Variance 
(5 prior fixation areas by 3 word lengths by 10 subjects) found 
significant main effects for word length (F « 7.52, p< .005, 
2 & 18 df) and for prior fixation location (F - 3*75, p< .01, 
4 & 36 df). The interaction was not significant (F « .55). 
Fixation durations for different word lengths were: 5 letters, 
233 msec; 6 letters, 261 msec; 7 letters, 262 msec Thus, 
changes in the visual pattern in the CWL produced longer 
fixation durations when it was 6 or 7 letters in length than 
when it was 5 letters. 
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CHAPTER 10 
DISCUSSIONS AND CONCLUSIONS 



The results of the five experiments carried out in this 
series have implications for several questions about the nature 
of skilled reading including those discussed in the first chap- 
ter. These questions vill now be discussed. 



From What Region is Visual Information Acquired During a 
Fixation? 

The studies reported here make it clear that different as- 
pects of the stimulus display are acquired by the reader dif- 
ferent distances from the point of central vision. Thus there 
is no single perceptual span in reading. The particular aspects 
of the text stimulus investigated in the present study were word 
length, exterior word shape, and specific letters, particularly 
initial and final letters in the word. 

Word length pattern appeared to be detected furthest into 
the periphery, at least 12 character positions from central 
vision and perhaps as much as 15 or more. Removing this aspect 
of text from the display in peripheral visual areas had the 
effect of reducing saccade length, particularly reducing the 
nuBd>er of long saccadcs. 

The Window Experiments and the Boundary Experiment yielded 
quite similar estimates of the distance into the periphery that 
word shape and specific letter information is acquired, and 
both indicated that word shape is obtained n-^ farther out than 
is specific letter information. The Window Experiments yielded 
data suggesting that readers need specific letter information no 
further than 10 or 11 character positions^ to the right of cen- 
tral vision. The Boundary Experiment indicated that subjects 
were picking up such information from words beginning 10 to 12 
character positions from central vision, but not from words 
beginning 13 to 15 character positions away. Thus, this study 
yielded an estimate of about 12 or 13 character positions as 
being the limit for acquiring word shape and specific letter in- 
formation. The general agreement of the two studies produces 
increased confidence in their results. 

The Boundary Experiment also produced evidence that the 
distinction between v to and non-words, and the semantic 
interpretation of wc »>. wae being loade for words beginning no 
further than 5 or 6 - -ter positions to the right of central 
vision. Since thiF:ae vciAb ranged in length from 5 to 7 letters. 
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it appears that word meanings are identified only for words that 
lie almost completely within the region in which word shape and 
letter information are acquired, 12 to 13 character positions 
into the periphery* 

Results of another of the studies clearly indicated that 
the region from which visual information is acquired during a 
fixation is not syronetric. No detrimental effects were observed 
when the region of full visual information was reduced to only 
4 character positions to the left of the central vision, if 
full information were available some distance to the right (in 
this case, 20 character positions). There wm some evidence 
from .^hg^oundary Experiment that the region to the left of 
central vision from which use£ul visual information is acquired 
may be even less than that at times* 

At present, then» it appears that word identification is 
bei.ig carried out In a visual region extending from no more 
than four character positions to the left of central vision 
to no more than 12 or 13 positions to the right, a region of 
no nK>re fhan 16 to 13 character positions and perhaps even less. 
Thus, reading tends to be carried out in a relatively small 
visual region, primarily in the left half of the retina, 
for skilled English readers. 

The question of whether useful visual information is acquired 
from other lines than the one being fixated remains an open 
question at this time, in need of further research. The experi- 
ment conducted on this question found that reading was facili- 
tated when the window included the line below the fixated line 
as well OS the line being directly read. However, it is not 
clear whether this was due to the actuaJ. acquisition of useful 
information or was due to seme artifact produced by the use of 
the window technique. The ^^research of Willows and MacKinnon 
(1973) and Meisser (1969), indicating that readers occasionally 
pick up information from vords and phrases presented between the 
lines of text, svggesr^ that this question is worthy of further 
research. 

Another question relating to the perceptual span is whether 
the region from which various sorts of visual information are 
acquired is the same on every fixation, or whether it varies 
from time to time in the text, or whether the subject is able 
to vaty it at will. This question relates to another question 
raised in an earlier chapter: did reading under the window 
conditions cause the reader 2> to narrow their span of attention, 
so the results of those studies were not typical of normal 
reading? If this were so, the Window Experiments could have 
great! *^ underestimated the size of the region from which the 
subjects ncrmally acquire visual information during a fixation 
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as they read* The results of the Boundary Experiment clearly in- 
dicate that this was not the case. As the subjects read the 
paragraphs In the Boundary Experiment, there was only one point 
during each paragraph where a stimulus change might take place. 
Twenty percent of the time (when the W-Ident condition occurred) 
no display change took place at all. At other times the change 
often took place so far into the periphery that it was apparently 
undetected. Thus^ the display changes were of such a nature that 
there is no reason why such a narrowing of the attention span 
should have been produced in that study. In addition, the sub* 
Jects used in that study had never read under window conditions » 
so the experimental situation itself had not come to elicit a 
narrowing of the attention span. It is notable^ then» that the 
data obtained in the Boundary Experiment led to conclusions very 
similar to those from the Window Experiments. There is no evi- 
dence that reading under window conditions caused the span to 
be substantially restricted in size. 

The Window Experiment in which the window was shifted to 
left and right, placing the window region primarily to left or 
right of central vision, might be viewed as an attempt to see 
whether the subjects were able to read equally well when being 
forced to obtain information from different areas of their retina. 
Whether the window was shifted left or right, the reader still 
had the same size region of normal text information available » 
and in both conditions a normal text pattern was present in the 
central foveal region (normal text was always present 1^ to 
left and right of central vision). Still, reading was disrupted 
when the window extended primarily to the left, but not when it 
extended primarily to the right. Thus, there was a limit to the 
ability of the readers to select information from one retinal 
region rather than another for their reading. Whether less 
extreme adjustments can be made, and how much practice is re- 
quired to do so, remains a question for further study. 

There is still the question of whether, from fixation to 
fixation, there are differences in the area from which visual 
information is acquired. For instance, when the reader miakes 
the first fixation on a new line does he tend to cast his visual 
attention ir-^re to the left of the fixation point, whereas on 
succeeding fixations does he concentrate more on information to 
be right? There are two aspects of the data which suggested 
that some changes might be occurring, though neither is con- 
clusive. First, as mentioned earlier, there is some evidence 
that when a word occurred in the CWL and the reader fixated 
near enough to it to read it, and then on the next fixation he 
looked directly at the CWL, in which there was now a different 
word, he failed to note the change. Thus he appeared to be 
ignoring the visual pattern in central vision on that fixation^ 
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A second bit of data on this question also comes from the 
Boundary Experiment. It was found that when subjects fixated the 
region between sentences they did not appear to acquire visual 
information as far into the periphery as they did when they 
fixated other areas of the sentences. Of course, the information 
must have been registered on the retina, and present in an in- 
ternal visual representation, but it apparently was simply not 
used in the reading process. 

Thus, it appears that the specific region from which visual 
information is used in reading may not be identical from fixation 
to fixation. The results concerning the slise of the perceptual 
span reported earlier may indicate the general region within 
which the reader is capable of obtaining useful information. 
Just what information he takes from that region may vary from 
fixation to fixation, according to his momentary needs in read- 
ing. If so, this calls for a very detailed extension of the 
present research to investigate this phenomenon farther. 



Is Detailed Eye Guidance Carried Out During Reading? 

As indicated in Chapter 1, theories of eye behavior control 
in reading range from assuming almost totally rardora control to 
assuming that on each fixation the eye is cast to that specific 
area which is believed to contain the most informative infor- 
mation for the purpose of testing the reader's present hypothesis 
concerning the meaning of the text. Of course, the random con- 
trol hypothesis can only be challenged by Identifying non-random 
patterns in eye behavior data. Some evidence for non-random eye 
control, taken from the research of others, was reviewed in 
Chapter 1. Certain data from the present studies also challenge 
the random eye control position. 

Though not conclusive, the fact that eliminating word length 
patterns in peripheral vision reduces saccade lengths is com- 
patible with the notion that word length pattern information 
is used in guiding the eye. Also, an analysis was carried out 
with some of the data from the Boundary Experiment to determine 
whether the probability of fixating a letter in a word was a 
function of the length of the word. Unlike previous analyses 
carried out by Woodworth (1938) a definite relationship was 
found. The probability of fixating a letter In a one or two 
letter word was .107. This value rose with word length to a 
maximum for six-letter words, where the probability was .141. 
The value then dropped with added length to .112 for words 12 
letters in length. As indicated earlier, fewer fixations than 
normal were found in the region between sentences. The proba- 
bility of fixating the character position containing a punctua- 
tion mark, whether period, comma or semicolon, was .062, and 
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the probability of fixating the spaces between sentences was ♦072* 
Thus, it appears that fixation locations are not distributed ran-- 
domly throughout the text* 

Assuming that fixation locations are related to the word 
length pattern » there are several types of explanations for why 
this might be so. On the one hand^ it might be that the eye is 
being guided by linguistic aspects of the text* Word length 
patterns are related to the syntactic structure of text* We have 
shown this in pilot studies in which a mutilated version of a 
passage was prepared by replacing each letter in the text with 
an x» while maintaining capitalization » spaces between words » 
and punctuation* This pattern was given to subjects » who were 
asked to mark the locations where phrase boundaries occurred 
in the original text* Subjects were able to do this task with 
an accuracy far above chance level* Thus, word length patterns 
alone can be a strong cue to certain aspects of the syntactic 
structure. It is possible that the eye may be guided to some 
degree on a linguistic basis, using word length patterns as an 
important cue* 

Another possible explanation for the relationship between 
word length and the probability of fixating a letter in the word 
is based on quite different assumptions* It is assumed thct the 
reader obtains visual information and identifies words as far to 
the right of his fixation point as he is able* He then typically 
casts his eye a certain distance determined by how far he has 
been able to make word identifications* Suppose that either of 
two words might begin at a certain character position some dis- 
tance to the right of the fixation point, one a three-letter 
word and the other a six-letter word* It would be more likely 
that enough of the three-letter word would lie within the retinal 
region of letter identification, thus permitting identification 
of the word, than that enough of the six-letter word would lie 
within that region* Thus there would be a greater likelihood 
that the six-letter word would need to be directly f lxac:ed on 
the next fixation than that the shorter word would need to be* 
On the other hand, if two other alternative patterns could lie 
in the same eleven-letter region to the right of the fixation 
point, one an eleven-letter word, and the other a comhination of 
two five-letter words (with a space between), it is more likely 
that enough of the longer word would lie within the region of 
letter identification so it could be identified, than that 
enough of the second of the two shorter words would lie in that 
region* Thus, it would be more likely that the next fixation 
would need to be sent to the latter half of this eleven-letter 
region if it contained the second of two shorter words than if 
it contained the latter half of a longer word* Thus it may be 
that these types of assumptions could lead to the type of data 
pattern which we have obsexnred, with a curvilinear relation 
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between word length and the probability of fixating a letter in 
the word. 

Though further research is needed to investigate the basis 
of this curvilinear relationship » for the present it can still 
be accepted as evidence against a random eye behavior control 
position. 

One other finding which argues for eye guidance of some 
non--random sort is the frequency of fixating the first and last 
half of the CWL, The two halves of the CWL are equally often 
fixated when that location is occupied by the subject of the 
sentence. However, if the verb or object of the sentence lie 
in the CWL, 75Z of the fixations are directed at the first half 
of that word location ♦ with only 25% falling on the second half. 

The Boundary Experiment also provided data that the dura- 
tions of fixations are being controlled on some bases other than 
random control. The fact that irregularities in the text, or 
changes in the text pattern, inflated the fixation durations 
provides evidence that the fixation durations are at least to 
some degree reflective of the cognitive processing occurring 
during the fixation. Also, the fact that the durations of 
fixations falling between sentences were shorter than fixations 
in other locations in the text stands as evidence against ran- 
dom control of fixation durations. 

A theory of reading which makes the assumption that the eye 
is being directed in a non-random msxmer from fixation to fixa- 
tion and that the durations of fixations are being controlled 
by the cognitive activities taking place during the fixation it- 
self is making a strong implicit assumption concerning lag in 
processing. That is, it is assuming that the visual infor- 
mation obtained during a fixation is being processed sufficiently 
rapidly during that fixation that decisions can be made from 
the information acquired concerning the termination of the 
fixation and the region where the next fixation should be 
located. For in£?tance, if it is to be assumed that the eye is 
directed to ^.ertain locations based on the meaning of the 
sentence which one has acquired up to the present point, it 
nmst be assumed that the visual information from the present 
fixation has been processed sufficiently to lead to a semantic 
interpretation of that information and to have it integrated 
with the meaning obtained on prior fixations. In fact, this 
xmist have been accomplished some time prior to the end of the 
fixation, since the decisions to end the fixation and where 
to send the eye must have beeu made some amount of time prior 
to the initiation of the saccadic movement. This seems like a 
rather demanding requirement to place on the perceptual system, 
given the fact that the average fixation duration is generally 
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250 msec, or less, and that there is some degree of suppression 
of the visual input during the early part of the fixation- Sorae 
reading theorists have rejected the notion cf detailed control 
of eye moveiMnts during reading largely on the basis that there la 
not enough time duxrlng the fixation to carry out the processing 
necessary to produce such control (for instance, Kolers, 1974) • 
Thus, the question of processing lag» or how long it takes to 
process ''nfonaation obtained on a fixation to particular levels 
of identification and integration of meaning, becomes a critical 
question for the issue of eye guidance in reading. 

The Boundary Experiment again provides some data concerning 
this question of processing lag. It indicates that the duration 
of a fixation is inflated when the reader first comes in con- 
tact with a non-'word letter string. Thus, it appears that the 
reader processes the signal sufficiently during the fixation 
on which it is acquired to identify the presence of nonwords. 
It also indicates that under certain circumstances the presence 
of a change in the stimulus pattern from the prior fixation to 
the present fixation can produce an Inflation in the duration 
of the present fixation. Thus, the type of processing Involved 
in Integrating the images across fixations must take place during 
the fixation in which information is acquired. Finally, the 
fact that fixations are not randomly located in the text» but 
rather that they are a function of word length is some indi- 
cation of additional processing during fixations which is 
sufficient to guide the eye In a non-random manner. However, 
none of this is evidence for higher levels of processing during 
a fixation, for Instance to the level of integrating the meaning 
of the presently-perceived region with prior meaning. 

A series of studies which bears further on this question 
has been conducted by Isakson (1974) • He made the assumption 
that the reader processes the meaning of a sentence as he 
encounters the words in reading » and that this processing con- 
sists of identifying the phrase groupings and the verb and of 
Identifying the case relations of the various noun phrases. 
Thus, the semantic structure of the representation of the meaning 
of a sentence is assumed to consist of the meanings of the verb 
and of the various noun phrases with case relationships marked. 
From this position, he then hypothesized that meaning integration 
might be occurring throughout the sentence, whenever the case 
role of a noun phrase Is identified. He assumed that the cog- 
nitive processes required to carry out this meaning integration 
would place a heavler-than-normal load on the cognitive processing 
system at the points which this activity was carried out. 

In order to test these assumptions, he constructed pairs of 
13-word sentences having Identical words in the first eight word 
locations, except for the fifth word. At that location, either 
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one of two function words could occur » dne of which made the case 
structure of the preceding word string clear » and the other left 
the case structure aaibiguous. He hypothesised that when the case 
structure was identifiable at that pointy meaning integration 
(which he called Partial Sentence Meaning Processing » or PSMP) 
would be carried out^ which would increase cognitive load for a 
short time. He further hypothesised that this increased cogni- 
tive load would be reflected in a slower reaction time to a 
click sounded at that point during the presentation of the 
sentence » 

An example of the sentence pairs Xsakson used in his study 

is: 

Type A: The serene mother comforted the children yfho 
trusted her when they were afraid* 

Type B: The serene mother comforted b^. children who 
trusted her grew braver every minute. 
As can be seen» a Type A sentence » by including the word the at 
the fifth word location » permits the identification of the pre- 
ceding text as the actor and main verb of the sentence* The 
Type B sentence* which has the word b^ at the fifth word location » 
leaves the case structure of the first four words ambiguous* 
Thus Xsakson predicted that a click sounded dv:lng the fifth word 
would result in a longer reaction time for the Type A sentence 
than for the Type B sentence.* It should be uoted that practically 
any other basis would make the opposite prediction. Certainly 
there is no reason why a reaction time to a click presented 
during the word the alone should be longer than during the word 
by > If anything > the word b^^ would be expected to be more com- 
plex. Also^ in the Type B sentence once the word bj; ia encoun- 
tered it is clear that the sentence construction is going to be 
more complax than a Type A sentence. Thus on the basis of 
syntactic complexity » one might expect a longer reset ion time 
to the Type B sentence* However » over a series of four studies 
Xsakson found a consistently longer reaction time to a click 
sounded during the presentation of the fifth word when the 
sentence was a Type A sentence than when it was Type B, as he 
hsd predicted* 

In this study » the sentences were presented visually* one 
word at a time* with a nev word every 355 msec* Of Interest 
here is the fact that when the dick was sounded only 60 msec, 
after the onset of the word* a reliable difference was found 
between the reaction tic^ to the Type A and Type B sentences. 
It is not known* of course* Just how long after the click was 
sounded there was interference between the cognitive activity 
required to set up a motor response In reaction to the click* 
and the cognitive activity involved in determining case relation- 
ships and Integrating the meaning of the sentence up to that 
point* but it seems clear that this was taking place within the 
period of time normally occupied by a fixation in reading* Thus* 
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though Isakson^s study did not Involve a normal reading task, it 
does provide evidence that meaning integration takes place at 
various points throughout the sentence and that this integration 
can take place very rapidly once the necessary information is 
encountered^ perhaps within the period of time normally taken 
by a fixation. Thus it appears possible that sufficient pro- 
cessing may take place during a fixation to permit the directing 
of eye behavior on the basis of the meaning of the text to that 
point. Clearly » further research is needed on this question as 
veil. 

In conclusion • there is strong evidence that the eye is 
being directed in a non*random manner during reading, both in 
texnns of the locations of fixations and of the durations of 
filiations. There are several reasonable alternatives for eye 
position guidance » suggesting that guidance may be based on 
purely perceptual aspects, such as how far into the periphery 
word identification has succeeded, syntactic aspects, such as 
basing eye guidance on the syntactic structure of the text, or 
even semantic aspects, rel^ied to the meaning structure of the 
text or the type of information being sought from it. Exploring 
these alternatives should be a fruitful area for future research. 
Fixation duration seems to be influenced rather sensitively by 
the cognitive activity being carried out at a given point in 
the text. However, the basis for this aspect of eye guidance 
is not presently known, either. 



Is Peripheral Visual Information bfeing Used for Other Purposes 
than Eye Guidance ? 

In Chapter 1 it was suggested that visual information from 
the peripheral retinal areas might be used to facilitate reading 
in ways other than for eye guidance. Two specific suggestions 
were made: first, words may be identified on the basis of less 
than complete visual information; and second, certain information 
might be obtained about a word which is too far into the periph- 
ery to be identified.. That Information might reduce the amount 
of information which must then be acquired about the word for 
its identification on the uext fixation. The data from the ex- 
periments are directed less toward these questions than they are 
toward the earlier questions, but some comments are appropriate 
about them* 

When the research was being planned, we suspected that the 
reader probably has accc^ss to general external word shape 
characteristics of a word further into the periphery than the 
region where he can obtain specific information needed to 
identify letters. The data both from the Window Experiments 
and from the Boundary Experiment failed to support this. It 
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appears that specific letter infonaation, particularly for let- 
ters at the beginning and end of the word* is available as far 
into the periphery as is general word shape information. Thus, 
it is probably not true that words are sometimes identified far 
enough into the periphery that specific letter information is 
not available, with Identification being based specifically on 
the external word shape alone. On the other hand, the present 
study provided little evidence concerning what aspects of the 
visual stiswlus were being used to identify words «t various 
regions in the retina. Providing accurcte word shape infor- 
mation 6 to 8 character positions from central vision did facili- 
tate reading over the condition in which inaccurate word shape 
was presented, so general word shape does appear to be useful 
to the reader ♦ It is possible that at times words most cen- 
trally fixated are identified strictly on the basis of external 
word shape; that is, that other available detail about the word, 
though available to the reader, is not used. However, this 
question requires further research. The general conclusion we 
make from the research reported here is that most word identifi- 
cation takes place within a sufficiently narrow region that a 
great deal of specific letter Information is available to the 
reader. Just what aspects of that information he uses is 
presently not known. 

The second possibility for peripheral information fatlli- 
tating reading concerned the possibility that readers acquire 
certain visual information from words far enough into the 
periphery that they cannot be identified. However, when infor- 
mation from the next fixation is acquired and Integrated in the 
Integrative Visual Buffer (IVB) with the visual pattern from the 
last fixation (s) the reader can continue his processing of the 
information in that region by taking additional visual features 
and adding them to the information he already has. This way, 
informatioti obtained on one fixation, even though not sufficient 
to yield word or meaning identification, still contributes to 
the facilitation of reading. 

The data obtained from the Boundary Study lends support to 
the notion of the IVB. The eye behavior patterns clearly 
indicated that certain changes in the display from one fixation 
to another were being noted. Thus the subjects were not 
operating purely s-^n the basis of visual information available 
from the present fixiclon as they read; the relationship of the 
present visual pattern to the past pattern was noted. However, 
it should again be pointed out that the region in which a change 
in the stimulus pattern from one fixation to the next was detected 
was rather narrow, extending only about 12 or 13 character posi- 
tions to the right of central vision, and probably much less than 
that to the left. It appears that this region is about the sane as 
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the region vrlchin which words can be identified. Thus, it is 
clear that there is no large region in which some useful visual 
detail can be acquired (such as word shape, for instance) which 
is insufficient for word identification, but which can reduce 
the amount of processing nacessary on later fixations. If this 
occurs, it is confined to a narrow region within which letters 
can be identified. It is possible, of course, that on a given 
fixation a word may begin within the region of possible identifi- 
cation, but extend far enough to the right that it cannot be 
Identified. In that case ir seems reasonable that the reader 
may be able to continue his analysis of the visual pattern in 
that region on his next fixation to permit Identification of the 
word, but at present we are able to provide no evidence that this 
is so other than that a change in the stimulus pattern from one 
fixation to the next would Indeed be noted in that case. 

In aumoary, then, the studies reported here did not provide 
evidence la support of either of the suggested Cleans by which 
peripheral vision may facilitate reading. 



The Problem of the Delay in Making the Display Change . 

It is appropriate to m«i.ke some comments about the compara- 
tively long delay in making the display change which was in- 
volved in this research. As Indicated earlier, we were not 
aware at the time the studies were conducted of the amount of 
delay Involved. We became aware of this delay later as r^e 
further explored the characteristics of the eye monitoring 
equipment used. This is probably the greatest flaw in the 
research conducted. It la not possible to say at this point 
whether replications of some of these studies under conditions 
with less delay will lead to some different concljsions. 

There are two reasons to believe that the delay will be 
found to have little influence. First, it is well known that 
there is some degree of visual suppression during the period of 
the saccadic movement and for some time following it (approxi- 
mately 50 msec, according to Uaber and Hershenson, 1973). The 
degree of this suppression with conq>lex displays like those 
involved in reading is not known, since most of the research 
has used very simple displays. Indications are that the amount 
of Suppression is greater with more complex displays. In any 
case, the display changes in our research were completed prior 
to the end of this 30 msec, period of visual suppression. 
Second, and probably more important, is the phenomenon of 
masking. The types of display changes uaed involved replacing 
one letter with another. Thus it is likely that in most cases 
the earlier pattern, if it were registered during the initial 
milliseconds of the fixation, was effectively masked by the new 
pattern so the earlier pattern was not seen. 
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Finally, it should be noted that the display changes were 
not distracting to the subjects, and that they were able to read 
quite naturally in the experimental situations used. Although 
in the Boundary Study subjects did occasionally report that they 
thought they had seen a change take place, it is likely that they 
did not observe the stinjulus change itself, but noted the dif- 
ference between the pattern on one fixation and that on the 
next. 

It is clear that there is a need for additional research 
to Investigate the effect of delaying the display change in 
studies such as these, to see how much change can be tolerated 
before reading behavior begins to show changes. 
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CHAPTER 11 



COMMENTS AND SUGGESTIONS ABOUT 
EYE BEHAVIOR RESEARCH IN READING 



In the study of skilled, silent reading there is little 
behavior to observe as the reading is taking place. Perhaps 
that is why there has been a continuing luterest over the years 
in the nature of eye laoveoent behavior during reading. Tinker 
(1958) suimaaiized ouch of that research and concluded by indi- 
cating that f.his aspect of reading behavior ha.* been well 
studied by that time, and that there i^^6 probably little further 
hecefit possible from studying eye behavior of readers unless 
some different approaches were developed for this investigation. 

The many studies of eye movement behavior which have been 
conducted, involving photographic and other techniques for re- 
cording data, stand as monuments to the patience of those who 
engaged in this research. Often the duration of each fixation, 
its location, and the length of each saccade were carefully 
measured and recorded, and the mountain of data which restilts 
was then summarized in the form of averages for different types 
of subjects or subjects reading under different conditions or 
reading different materials. Although the results of these 
studies were of some Interest, showing developmental trends or 
differences between good and poor readers, they have failed to 
lead to useful theorizing about the nature of the reading process. 
More re.ccni. studies have begun to become more analytic in at- 
tempting to turn to eye movement data to find evidence for or 
against certain theoretical positions. Some examples of this 
type of research are the studies by Mehler, Bever and Carey 
(1967), Wanat (1971), and Abrams and Zuber (1972). This 
interest has paralleled the growing interest in eye movement 
behavior in examining scenes, as represented by the work of 
Yarbus (1967), Loftus (1972), Macfcworth and Morandl (1967) and 
others. A general characteristic of this research is the ten- 
dency to turn away from the types of general sunsaary statistics 
used in the earlier studies, such as average fixation duration 
and average saccade length, and become much more analytic, 
looking at more specific aspects of the data and sumnarizing 
portions of it in more detailed ways. Often only certain parts 
of the data are relevant to the experimenters hypotheses, and 
these are examined in great detail. Although early researchers 
such as Dearborn (1906) and Woodworth (1938) attanpted to do 
this type of deta^.Ied analysis of the data, the lack of adequate 
linguistic theory p'jobably made it more difficult to Identify 
relevant variables. 



143 



There are actually three ways of making use of eye behavior 
in research on reading (as well as on other visual tasks) : (1) 
data on eye behavior itself may be of primary interest, (2) 
eye behavior may be used as a basis for collecting data on other 
types of behavior, and (3) the eye can actually be used as a 
control device to control certain aspects of the visual stimu- 
lus present at a given moment. 

Whether eye behavior during reading will be useful in 
selecting between alternative theories of the reading process 
depends on the degree to which eye behavior is directed on a 
nK)ment-to-moment basis by the cognitive processes occurring ♦ 
Thus the first questions that must be studied are the time re- 
quired for visu-d information acquired during a fixation to give 
rise to different levels of processing, and the degree to which 
eye behavior reflects moment- to-momen t aspects of cognitive 
processing. The results of the research reported in earlier 
chapters are heartening, but are Just a beginning in these 
directions. If eye behavior is found to be closely tied to cog-- 
nitive processing, the door is open for using this type of data 
to test the adequacy of theories of cognitive processes In 
reading. However, in reading a single passage a great deal of 
data is generated, and the researcher must have his theory 
sufficiently well defined to know exactly what data will be 
relevant . 

Actually eye behavior data can be used from either of two 
types of reading situations. In one the subject is simply asked 
to read a passage and the theory is used to make predictions 
about naturally-occurring eye behavior at specific points in 
the text. In the other, the text or task situation is specifi- 
cally set up to lead to the occurrance of disruptions at certain 
points in the text, or to determine if disruption occurs through- 
out the text. Manipulating variables in the task or text and 
observing when disruptions in the eye behavior occurs can be a 
powerful technique for investigating cognitive processing in 
reading. This is, of course, the method used in the studies 
described in this report* 

A second use of eye behavior data is as the basis for 
collecting data on other types of behavior. For instance, the 
recording of pupil size, EEG patterns, or other behavioral 
measures during reading, and correlating them with the eye 
behavior so it can be determined just where the eye was directed 
when certain patterns are observed in the other data, is likely 
to be a useful technique for gaining information about the 
cognitive processed Involved in reading. Also, adjunct tasks 
such as pressing a button when an extra-text signal occurs or 
when some pattern is observed in the text can be based on eye 
movements, either triggering a signal off from some aspect of 
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the eye movement pattern or observing when a response occurred 
with respect to eye position. To use da*:a in this manner it is 
necessary to have a clear understanding of the size of the per- 
ceptual span^ so that the experisienter can know what area of 
the text is actually being perceived and understood when the 
eye is fixating in a given location » 

A third use of eye behavior in research » and one which was 
developed in the studies reported here^ Is to use the eye as a 
control device, controlling certain aspects of the visual stim- 
ulus available to the reader at a particular time. This can be 
a powerful technique for determining what Information is acquired 
from peripheral vision and what from central vision, as well as 
investigating what aspects of behavior are based on the present 
stimulus and what on a memorial representation. It can also be 
useful for exploring the basis for eye movement guidance, since 
a particular pattern can be set up for a particular fixation 
during reading, and the effect on eye behavior can be observed. 
Pilot work we have done suggests that a certain amount of 
shifting of the text to left and right during a saccade will 
actually go unnoticed by the reader. If this is so, and If 
it is possible to anticipate the place the next fixation will 
occur while the saccade is still in progress; it may be possible 
to actually laove the text on a CRT display to some degree to 
cause the eye to fixate at the exact location the experimenter 
desires. 

Vfe believe that the ability to use computer techniques to 
control the nature of the display on a particular fixation, 
together with the detailed examination of eye behavior data, 
provides the researcher Interested in investigating the nature 
of perceptual and cognitive processes with the most powerful re-* 
search tool he has ever had at his dispAsal. This, we believe, 
is a new approach to the study of eye behavior which, as Tinker 
indicated, will be capable of yielding new Information about 
the nature of reading. In particular, it provides the capabil- 
ity for obtaining dpta on detailed aspects of reading behavior, 
and thus provides a means of testing the adequacy of present and 
future theories of reading. We should also mention that this 
technique provides equally great power for studying questions 
about other visual tasks, and thus has the capability of be- 
coming a generally Important technique in the study of visual 
perception. 



Equipment and Programming Requirements for This Type of Research 

Research involving the use of the eye to control the visual 
pattern place strict requirements on the equipment needed for 
this research. These requirements are In terms of accuracy of 
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the equipment in identifying eye position » and minimal lag in 
the eye behavior data as it is being collected. 

In terms of accuracy, one faces the question of Jusi how 
accurate he must be in identifying the direction of gaze for the 
purposes of his experiment. If the experimenter only needs to 
know when the subject's eye is returning to begin reading the 
next line^ when he is making a saccadic movements or whether he 
is looking at the left or right part of the display, accuracy 
is of no great concern. However, if he wishes to be able to 
place a particular visual pattern at a particular location in 
the periphery during a fixation, accuracy becomes very important. 
The system used for the research described here had accuracy in 
the range of 1/2^ of visual angle on the horizontal dimension. 
With this, when the equipment indicated that the reader was 
fixating a particular letter, he could actually be directing his 
gaze toward a letter up to two character positions away. At 
times our accuracy was not even that great. Vertical accuracy 
appeared to be in the range of 2^, 

Accuracy of identifying eye position is difficult to 
achieve. With the tjrpe of equipment which simply monitors 
eye position photoelectrically, or with direct photographing 
of the eye, there is probably a physiological limit to the degree 
of accuracy possible which is in the range of 1/4 to 1/2 degree 
(Cornsweet, 1974). The eye is capable of shifting position in 
its socket somewhat while still maintaining the same direction 
of gaze. This shift would be detected by the eye movement equip- 
ment as a change in eye position, although the actual direction 
of gaze had not shifted. The eyeball is surrounded by fatty 
tissue, and is impelled by strong muscles exerting substantial 
force to cause it to move quietly. These forces can cause the 
eye to shift around in the socket, a factor which cannot be 
eliminated by this type of equipment. Also, keeping the head 
rigidly fixed is important, a task which is not always easily 
achieved . 

Recent developments of a technique for shining a light into 
the eye and then tracking two of the resulting Purkinje Images 
promises to provide a technique which tracks the eye with 
references to itself and the light source, rather than with 
reference to the head position. This technique is capable of 
yielding much greater accuracy, reportedly up to 5 minutes of 
arc (Cornsweet, 1974), but at present is still quite expensive. 

A second concern for this type of research is the time 
taken to produce the display change. Just how much lag can be 
tolerated again depends on the characteristics of the research. 
The amount of lag will be a function of time required for three 
activities: first, the lag in the eyetrack equipment itself; 
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second, the time necessary for the computer to carry out its 
functions of detf^ctlng the presence of a triggering event and 
of making the changes necessary to create the instructions for 
the new display; and third, the time required by the display 
system to actually realize th^- new stltnulus pattern on the CRT. 
For instance, if the display change is to occur during a saccade, 
the total amount of time taken by all three of these activities 
must be leas than about 15 or 20 msec. As itidicated earlier » 
it may be that visual su|>preusicn and masking effects may allow 
this to occur somewhat slower without affecting the data sub-- 
stantially but this needs investigation. 

Some suggestions for reducing the time required for these 
activities will be given in the next section. Here we will 
discuss briefly the requirements this type of research placed 
on the eyetracking equipment* It would seem that for this 
research one should have equipment in which the output signal 
lags the eye behavior by no more thau or 3 msec In addition, 
the amotuit of noise in the signal is crucial » because this 
defsrmines how many saini>les the computer will have to take 
before it can reliably identify the triggering event, such as 
the beginning or end of a saccade* Either a longer lag in the 
signal or greater noise in the signal will increaoe the amount 
of time required to produce a display change following some 
preselected event in the eye behavior pattern. 



Some Suggestions for Conducting This Type of Research 

The choice of coiwputer and display equipment can be impor- 
tant in determining the speed with which display changes can be 
effected. Following are some suggestions concerning the choice 
of equipment. These suggestions will bear on two problems: 
speeding the computer processing Involved, and reducing the time 
needed to realize a display pattern on the CRT. 

There are several characteristics to watch for In the com- 
puter system itself. It is assumed that for the study of 
reading one would want a display system capable of displaying 
both upper and lower case characters. This being the case, it 
is important to have a display system which accepts a code of 
at least seven bits to specify the characters so that it ic not 
necessary to insert shift characters to go from upper to lower 
case. In our research, the display system used was a Digital 
Equipment Corporation ^k>del 340. This used a six bit code for 
specifying characters. In order to change from upper to lower 
case or back again a special character had to be itiserted into 
the display list. This feature substantially Increased the 
complexity of the programming and reduced the efficiency of the 
programs . 
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with a 7-bit code for characters, having a display system 
that uses standard ASCII code would be most efficient. 

Since display change in studying reading involves the 
manipulation of characters in the display list, efficiency can 
be gained by having a computer which uses 16-bit words, and 
which can readily access 8-bit bytes within those words. That 
way the code for each letter can be readily accessible and 
changes can be made with the least number of computer instruc- 
tions. 

Even greater efficiency can be obtained by having a com- 
puter with a special display processor which operates directly 
out of the computer's core memory and which can accept jump 
instructions. With this arrangement, it is possible for the 
central processing unit (CPU) to construct a display list In its 
own core memory which is a composite of different segments of 
the display pattern stored at different locations with jump 
instructions leading from one to the next. The display can 
then be changed by simply Inserting or deleting jump instructions 
at the appropriate locations, and there Is no need for having to 
move great numbers of words in core memory In order to place 
them in the exact order required for the display. If the dis- 
play processor then operates out of core memory,* the CPU can 
stilly give it the address of the beginning of the list and 
cause It to begin displaying- There le no need to move large 
numbers of characters from the computer's core memory to the 
memory of a display device. Having this type of equipment 
reduces the time required to create the Instructions for the 
display and to make these instructions accessible to the display 
device. It also reduces the amount of programming required. 

Concerning the CRT itself, it is important that it have a 
short-perslstance phosphor so that when a display is changed 
there is no long-fading Image of the previous display remaining 
on the screen. Also, for the purposes of speed of display 
change and of controlling just when it occurs a CRT capable 
of point-plotting or vector generation is to be preferred over 
raster scan equipment. A CRT which uses a scan method of 
creating the image has a fixed scan pattern, usually scanning 
the face of the CRT every 16 msec, to refresh the image. This 
means that once a display change has been completely set up, 
there may be a 16 msec, delay before it is realized on the 
scope. It also means that the amount of the delay depends on 
where the scan happens to be at the time the change Is called 
for. If the scan happens to be at a point just prior to the 
part of the Image to be changed, the change may be realized in 
one or two msec. Thus there is an inherent variability ranging 
from 1 to 16 msec, in how long It takes to cause a change to 
occur on the screen. It Is often possible for the computer to 
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obtain a signal at the beginning of each refresh cycle so It can 
record hov long It was before the display change was ma^tt , but 
it is impossible to actually reduce that variability « 

With a point-plot or vector-generation display it is possible 
to produce patterns on the screen at any time and at any location p 
limited only by the speed of the display device. Thus, if a 
certain line is to be changed » it is possible to break the pat- 
tern of the refresh sequence and cause the display system to 
write the new version of that line on the screen when it is first 
needed* It is also possible » when the pattern being displayed is 
small (for instance > only two or three lines of text) to drive 
the refresh rate much higher than 60 per second so that even 
without breaking the normal refresh cycle the maximum time re- 
quired before the display change is actually made can be 5 to 
8 msec Thus, with this type of display system it is possible 
to control the time between calling for a display change and 
having it appear on the CRT* 

Technology in the computer graphics area is advancing 
rapidly today, and is highly competitive. Computer graphics 
capability is becoming useful to people In many fields, pro- 
ducing a large market for equipment. This leads to a willing- 
ness on the part of companies to invest In improving the 
necessary equipment. Technology is presently available to 
support the type of research described here with the sort of 
equipment suggested • There will undoubtedly be substantial 
advances made in equipment useful for this research over the 
next decade, as well as developments ^ich will continue to re- 
duce the cost for the necessary equipment. Within a decade, 
the computer facilities needed to carry out this type ot re- 
search may well be readily available in many laboratories 
throughout the nation.^ 



An Important Distinction in Eye Behavior Research 

A frequent criticism of eye behavior research is that the 
equipment necessary to detect and record the behavior places 
the subject in a very strange environment which likely produces 
its own changes on his behavior • This leads us to suggest an 
important distinction in research involving eye behavior (as 
well as research of other types). This is the distinction be- 
tween studying what the person is able to do and what he 
normally _ does» 

The research which we have carried out is not aimed at 
identifying what the reader normally does a3 he reads a book at 
home or a newspaper on the subway. This research is directed 
toward finding out what a reader does when he is given a specific 
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task and asked to carry it out to the best of his ability. Thus, 
we have attempted to make the purpose of the reading task very 
clear, instructing the subject that he should exert every effort 
to understand and remember the information in the passages as he 
reads them. To stress this, we baaed part of the renwneration 
for his services on his performance on the test questions. We 
attempted to use test questions of about the same type through- 
out an experiment, so that he could readily see exactly what 
type of information he should be trying to remember from the 
passage. The reader also was aware that his eye movements were 
being mcnltored, and that may lead him to attempt to execute 
what he believes to be a "good" pattern of eye movements. How^ 
ever, one does not have specific control over eye movements, and 
particularly as he becomes engrossed in the attempt to gain in- 
formation from a passage it is difficult to continue the attcupt 
at directing <sye movements. It seems likely that given the task 
at which the reader is asked to do his best» the presence of 
head holding or eye monitoring equipment has little effect. 
Th«8, we believe that In the attempt to study what subjects are 
capable of doing in a well-defined task situation, few arti- 
facts are produced by the equipment used in monitoring eye 
position. 

However, if one were to attempt to study what subjects 
typically do in their reading, he would be faced with quite a 
different set of problems. Here the task would be to record 
the subject's behavior in a situation as normal as possible. 
Most crucial of all would probably be to ensure that the subject 
is not aware that his behavior is being monitored nor that he 
would later be tested in any way. Thus, it is not the equipment 
per ae that would affect the subject's behavior, but his per- 
ception of the task he is in. Any time a cooperative subject 
participates in research, he probably attempts to do his best 
within the task as he perceives it, and this causes him to behave 
differently than he generally would when unobserved. The task 
of studying what subjects normally do imposes much stricter 
requirements on the researcher than does the task of studying 
what subjects are able to do in a given situation. 

Since our research is directed toward an understanding of 
skilled reading, it seems appropriate to do those things 
necessary to encourage subjects to exhibit their highest form 
of skilled reading. Within this context. It is unlikely that 
the presence of eye monitoring equipment has much, if any, 
effect on the results of the research. 
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